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ON  THE  DEVELOPMENT  OF  THE  MAMMA  AND  OF 
THE  MAMMARY  FUNCTION.  By  Charles  Creigh. 
TON,  M.B.    (PL  I.) 

Thb  current  and  at  present  unchallenged  opinion  on  the 
development  of  the  breast  is  that  it  is  a  complex  extension 
downwards  of  the  ectoderm.  I'rom  observations  made  ctiefly 
on  the  human  foetus,  it  is  said  to  begin,  in  the  fifth  month  of 
fcetal  life,  bs  a  solid  rounded  process  of  the  rete  mucomm; 
before  the  seventh  month,  this  wart-like  body  has  thrown  out 
12  to  15  offshoots  from  various  points  of  its  circumference. 
From  that  rudiment,  the  whole  complex  structure  of  the  gland 
grows  out  by  a  process  of  continuous  extension.  The  rudiment 
of  the  gland  is  at  first  solid,  and  the  formation  of  cavities 
throughout  the  various  extensions  of  the  rudiment  is  associated 
with  the  formation  of  fat-containing  cells  in  their  interior. 
These  fat-containing  cells,  by  means  of  which  the  channels  of 
the  gland  are  formed,  constitute  the  milk  of  the  new-torn, 
which  is  therefore  a  developmental  product*.  • 

The  development  of  the  mamma  is  thus  held  to  be  a  process 
of  budding  from  the  mucous  layer  of  the  skin,  and  the  homology 
of  the  organ  is  always  sought  for  in  other  accessory  cutaneous 
glands,  and  chiefly  in  the  sebaceous  glands.  Fully  accepting 
that  homology,  Mr  Darwin  has  cursorily  applied  the  principle  of 
natural  selection  to  explain  th6  adaptation  of  the  breast  as  a 
mammalian  characteristic,  and  Mr  Mivart,  joining  issue  on  this 
illustration,  has  suggested  whether  ''it  b  conceivable  that  the 
young  of  any  animal  was  ever  saved  from  destruction  by  acci- 
dentally sucking  a  drop  of  scarcely  nutritious  fluid  from  an 
accidentally  hypertrophied   cutaneous  gland  of  its  mother'." 

^  Kolliker,  Entwieklungt-geichichte,  lai  Edition,  p.  345. 
'  See  Origin  of  Species,  6th  Edition,  p.  189. 
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The  biologists  of  the  Jena  school  have  also  confidently  accepted 
the  same  view  of  the  homology  of  the  breast. 

It  is  somewhat  startling  to  find,  on  making  inquiiy,  that 
the  notion  of  the  mamma  being  a  continuous  extension  down- 
wards of  the  skin^  and  the  important  doctrine  of  homology 
that  is  based  thereon,  are  supported  by  the  most  meagre  and 
unsifted  evidence.  The  first  statements  on  the  development  of 
the  breast  appear  to  have  been  made  by  Kolliker,  in  an  early 
edition  of  his  work  on  Histology,  and  these  original  statements 
have  determined  the  character  of  all  subsequent  opinion.  The 
view  therein  given  is  substantially  the  same  as  that  already 
quoted  from  his  work  on  Development  Within  a  short  time 
of  Kolliker's  first  reference  to  the  subject^  a  memoir  on  the 
human  breast  was  published  by  Langer^  in  which  he  gave  an 
account  of  the  development  The  statements  of  Langer,  to  be 
shortly  referred  to,  were  held  by  Kolliker  to  be  in  agreement 
with  his  own ;  and  in  the  great  work  of  Remak,  Kolliker  and 
Langer  are  quoted  together,  and  without  distinction,  as  having 
shown  that  'Hhe  mammary  glands,  like  the  sweat  glands,  are 
formed  from  the  Malpighian  layer  of  the  upper  skin'."  There 
has  thus  arisen  an  apparent  unanimity  as  to  the  development 
of  the  mamma  by  outgrowths  from  the  ectoderm,  and  that 
view  passes  unquestioned  at  the  present  time.  Notwithstand- 
iDg,  the  conclusion  of  Langer,  in  his  own  words,  is:  ''The  first 
development  of  the  mammary  gland  is  thus  associated  with  the 
existence  of  a  peculiar,  independent  body  (an  die  JExistenz  eineg 
eigenihvmdichen^  selbstdndigen  Korperi  gebunden),  in  whidi  the 
ducts  develope  without  connexion  with  the  groove  in  the  skin, 
and  are  therefore  not  invaginations  or  processes  of  the  outer 
skin  (somit  keine  Avsstillpungen  oder  Fortsetzungen  der  dAissem 
HavJb  sind)" 

The  plan  according  to  which  most  of  the  secreting  glands  of 
the  body,  including  the  breast,  are  supposed  to  develope,  is  that 
the  rudiment  commences  as  a  downward  process  of  the  epithelial 
surface  on  which  the  gland,  in  its  mature  state,  will  pour  its 
secretion.  The  gland  is  essentially  a  very  comjdex  reduplica- 
tion of  the  epithelial  surface.    The  development  of  the  gland, 

1  Denkichriften  der  Wiener  Akademie,  1852. 

•  Umtenuch,  ilher  die  JEnttrickl.  der  Wirbelthiere,  p.  100. 
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aocording  to  this  view,  may  also  be  said  to  be  centrifugal;  the- 
growth  takes  place  by  the  throwing  out  of  processes  from  a 
central  point  of  the  surface  towards  a  wide  periphery  at  the 
depth.    The  botanical  terms  of  ''bud,**  *' offshoot,"  &c.,  are  con- 
stantly used  to  describe  the  process  of  formation  of  a  racemose 
gland.     The  structural  growth,  however  complex,  is  held  to  be 
one  of  continuous  extension  downwards,  just  as  the  growth  of  a 
plant  is  into  the  air  upwards.    The  ducts  of  a  gland  grow  like 
the  branches,  and  the  acini  unfold  like  the  leaves.    But  it  is  a 
remarkable  abuse  of  terms  to  transfer,  in  so  £acile  a  manner,  the 
language  of  plant-growth  to  the  growth  of  a  racemose  organ 
within   the   body.     The   continuous  extension  that  can   be 
observed  in  a  growing  plant,  cannot  be  observed  in  the  micro- 
scopic preparations  of  a  developing  gland.     However  common- 
place this  remark  may  be,  there  is  reason  to  think  that  writers 
on  development  have  not  always  respected  the  difference  be- 
tween the  facts  derived  from  immediate  observation  and  the 
facts  derived  from  mediate   evidence.      In    the   microscopic 
examination  of  dead  tissues  one  never  observes  anything  but 
coexistences,  but  in  our  descriptions  we  use  the  language  of 
succession;  and,  even  if  no  fallacies  have  crept  in  through  such 
laxity  of  expression,  the  evidence,  which  is  needed  to  make  the 
mediate  truth  of  the  same  value  as  the  truth  of  direct  obser- 
vation, is  apt  to  be  deficient. 

Although  the  doctrine  of  continuous  extension  from  a  cen- 
tral point  on  the  surface  has  been  accepted  without  challenge^ 


1  A  modifieation  of  ihis  Tiew  has  lately  been  put  forward  by  Scfaenk.  In  an 
original  inveetigAtion  on  the  development  of  the  panereas,  he  draws  a  distino- 
iion  between  the  source  of  the  secreting  cells  of  the  organ,  and  the  epithelial 
liniiig  of  the  doots.  He  derires  the  former  from  the  mesoblast,  and  the  latter 
from  the  hypoblast  [Die  Bauchspeicheldrilte  dea  Ewbryoi^  Anat.  u.  Physiol. 
UntenucK^  qmoted  in  Foster  and  Balfoar*s  Enibryology,  p.  183).  In  his  Lehr- 
Imeh  der  Fergleiehenden  EwbryoJcgie  dm  WirhelthUre,  the  aame  author  states 
this  opinion  more  generaUy.  SpeiJcing  of  the  development  of  glands  connected 
with  the  epithelial-glandnlar  layer  he  says  :  "  Wir  mtlssen  hier  gleich  anfangs 
daraof  anfmerksam  machen,  oass  man  die  Anlage  der  sogenannten  Darm- 
drnsen,  deren  Entwicklnng  nach  Bemak  im  innem  Keimblatte  stattfindet,  nioht 
im  Sinne  der  iUteren  Antoren  aoffassen  kann,  dem  znfolge  die  einzelnen 
AnhangBorgane  des  embiyonalen  Darmes,  wie  Longe,  Leber,  Ac,  AnssiUlpnngen 
dee  Darmkaoals  waren.  Yielmehr  sieht  man  sioh  genothigt,  an  diesen  sjimmt- 
liehen  Orguien  nor  insofeme  das  Darmdriisenblatt  als  betheUigt  anznsehen, 
als  diess  bios  Epithelialgebilde,  f  iir  die  Anskleidung  der  einzelnen  Ausf  iihrungs- 
giutge  Oder  deren  Yerzweignngen  abgiebt.  Die  Elemente,  welohe  das  Parenchym 
dieser  Oigane  atismaehen,  werden  znmeist  der  Urwirbelmasse  entnommen, 
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an  entirely  different  account  of  gland-development  was  put 
forward  in  1842,  by  John  Goodsir.  These  remarkable  and  far- 
reaching  views  of  Goodsir  can  hardly  be  said  to  have  gained 
currency,  no  doubt  owing  to  the  aphoristic  manner  in  which 
they  were  expressed.  They  are  for  the  most  part  stated  in 
naked  propositions,  without  the  support  of  the  laborious  details 
on  which  they  had  certainly  been  based.  Goodsir's  statements 
are  as  follows^:  "The  blastema,  which  announces  the  approach- 
ing formation  of  a  gland  in  the  embryo,  in  some  instances  pre- 
cedes, and  is  in  other  instances  contemporaneous  with,  the 
conical  blind  protrusion  of  the  membrane  upon  the  surface  of 
which  the  future  gland  is  to  pour  its  secretion. 

''In  certain  instances  it  has  been  observed  that  the  smaller 
branches  of  the  duct  are  not  formed  by  continued  protrusion  of 
the  original  blind  sac,  but  are  hollowed  out  independently  in 
the  sul^tance  of  the  blastema,  and  subsequently  communicate 
with  the  ducts. 

''It  appears  to  be  highly  probable,  therefore,  that  a  gland  is 
originally  a  mass  of  nucleated  cells,  the  progeny  of  one  or  more 
parent  cells;  that  the  membrane  in  connexion  with  the  embiyo 
gland  may  or  may  not,  according  to  the  case,  send  a  portion  of 
the  membrane,  in  the  form  of  a  hollow  cone,  into  the  mass ;  but 
whether  this  happens  or  not^  the  extremities  of  the  ducts  are 
formed  as  closed  vesicles,  and  then  nucleated  cells  are  formed 
within  them,  and  are  the  parents  of  the  epithelium  cells  of  the 
perfect  organ."  These  summary  statements  are  prefaced  by  the 
remark:  "We  require  renewed  observations  on  the  original 
development  of  glands  in  the  embryo.  From  the  information 
we  possess,  however,  it  appears  that  the  process  is  identical  in 
its  nature  with  the  growth  of  a  gland  during  its  state  of  func- 
tional activity."  It  is  the  latter  subject  that  chiefly  engaged 
Goodsir's  attention.  His  observations  were  made  on  animals  in 
which  the  glands  have  particular  periods  of  functional  activity. 
Certain  glands  in  crustacean  animals  and  the  sexual  glands  of 

weloh^  den  Barmkanal  mngiebt,"  pp.  88 — 90.  Although  ProfeBSor  Schenk  here 
Rpeaka  of  the  doctzine  to  which  I  have  referred  in  the  text  as  being  the  view 
taken  by  "the  older  anthors,"  the  newer  Bohool  appears  to  be  represented  chiefly 
by  Professor  Schenk  himself.  Perhaps  his  language  is  only  a  confident  antici- 
pation of  the  fature. 

^  Anatom.  and  Path.  Obtervationff  p.  32, 1846;  also  collected  Anat.  Memoirs. 
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some  yertebrates  were  studied  during  those  periodical  processes 
of  *  development,  maturity  and  atrophy,**  which  they  undergo 
from  season  to  season ;  and  it  is  with  those  periodical  processes 
that  he  says  the  embryonic  development  is  identical.  The 
great  significance  of  this  remark  will  be  discussed  at  the  end  of 
the  present  paper;  but  a  short  extract  at  the  present  stage  will 
be  useful  to  illustrate  farther  Goodsir's  view  of  the  embryonic 
development  of  acinL  The  above-quoted  statement  that  "the 
extremities  of  the  ducts  are  formed  as  closed  vesicles"  will 
become  clearer  from  the  following,  relating  to  the  periodical 
'"development":  *'An  acinus  is  at  first  a  single  nucleated  ceUL 
Prom  the  nucleus  of  this  cell  others  are  produced*  From  these 
again,  others  arise  in  the  same  manner.  The  parent  cell,  how* 
ever,  does  not  dissolve  away,  but  remains  as  a  covering  to  the 
whole  mass,  and  is  appended  to  the  extremity  of  the  duct.  Its 
cavity,  therefore,  as  a  consequence  of  its  mode  of  development, 
has  no  communication  with  the  duct, 

"The  original  parent  cell  now  begins  to  dissolve  away, 
or  to  burst  into  the  duct  at  a  period  when  its  contents  have 
attained  their  full  maturity.  This  period  varies  in  different 
glands,  according  to  a  law  or  laws  peculiar  to  each  of  them. 

"In  the  gland,  there  are  a  number  of  points  from  which 
aciiii  are  developed,  as  from  so  many  centres.  These  I  name 
the  germinal  spots  of  the  gland." 

The  following  account  of  the  development  of  the  mamma 
in  the  guinea-pig  will  be  found  to  support  Ooodsir's  general 
view  of  gland«development.  The  agreement  with  Qoodsir's 
doctrines  was  not  observed  till  the  conclusions  of  the  present 
research  were  in  great  part  formed,  and,  indeed  published  in 
the  form  of  a  preliminary  notice\  Qoodsir's  philosophical 
generalisations  on  secretion  and  on  the  secreting  structures 
do  not  appear  to  be  generally  taught  by  the  present  school  of 
physiologists  either  at  home  or  abroad.  Whether  it  is  from 
the  comparative  neglect  of  cellular  processes  on  the  part  of 
physiological  teachers,  or  whether  it  is  from  the  brevity  of 
Goodsir's  statements,  or  from  both  circumstances  combined, 
it  is  doubtful  whether  the  latter,   even   when  the  attention 

1  Fhysiologieal  Prooesses  of  ihe  Mamma,  Section  IV.  in  the  Report  of  th$ 
Medical  Officer  of  the  Privy  Council,  1875. 
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is  especially  directed  to  them,  would  not  remaiQ  somewhat 
enigmatic  to  any  one  who  had  not  been  independently  led  to 
follow  the  same  line  of  inquiry. 

In  the  new-born  guinea-pig  the  mamma  is  found  in  the 
inguinal  region  on  each  side,  extending  obliquely  downwards 
and  backwards  from  the  single  nipple.  If  a  vertical  section 
is  made  in  a  line  running  from  the  nipple  inwards  toward  the 
symphysis  pubis,  the  tract  of  mammary  tissue  is  exposed.  In 
a  preparation  hardened  in  alcohol  it  appears  as  a  somewhat 
narrow  strip  of  whitish  tissue  about  half  an  inch  in  length 
and  running  through  the  midst  of  a  large  body  of  fat-tissue. 
From  the  long  central  tract,  short  and  inconspicuous  offshoots 
project  into  the  surrounding  fat. 

In  embryos  about  two-thirds  grown,  the  mammary  rudiment 
is  found  to  have  the  same  relative  position  and  extent.  In 
the  section  <^  the  prepared  tissue  there  is  not  the  same  naked- 
eye  distinction  between  the  tract  of  mammary  tissue  and  the 
surrounding  fat.  Mamma  and  fat  together  form  a  small  pear- 
shaped  body  beneath  the  skin,  the  narrow  end  terminating 
anteriorly  at  the  nipple. 

At  both  of  the  stages  here  mentioned,  the  developing 
mamma  is  found  to  have  relatively  its  full  dimensions,  and 
to  lie  amidst  a  quantity  of  fat-tissue ;  the  plan  of  the  organ  is, 
as  it  were,  laid  down  over  its  whole  extent.  In  the  earlier 
of  the  two  stages,  the  acini  have  not  begun  to  appear  distinctly, 
but  only  the  system  of  ducts.  At  the  time  of  birth,  however, 
the  acini  are  found  in  active  development,  and  within  a  few 
days  after  birth  they  are  sometimes  found  to  have  so  great  an 
expansion  as  to  completely  overshadow  the  system  of  ducts. 

The  development  of  the  system  of  ducts  can  be  best  con- 
sidered after  that  of  the  acini  has  been  described,  for  reasons 
that  will  appear.  The  contention  of  the  first  part  of  this 
paper  is  that  the  acini,  or  essential  secreting  structure  of  the 
breast,  develop  from  a  matrix-tissue  at  numerous  scattered 
points  or  centres  ("germinal  spots"  of  Goodsir);  that  the 
matrix-tissue  or  embryonic  cells  are  the  same  from  which  the 
fat  surrounding  the  mamma  developes;  and  that  the  mode  of 
development  of  the  acini  is,  for  the  individual  cell,  exactly 
the  same  process  as   in  the  development  of  the  fat-lobules. 
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The  mammarj  gland  would  therefore  be  a  further  Bpecialiaation 
of  fat  tissue,  and  a  product  of  the  mesoblast  It  has  been 
said  that  the  opinion  of  the  mamma  being  a  complex  extension 
of  the  ectoderm  has  gained  currency  in  a  remarkably  easy  and 
undeserved  manner,  and  that  a  sufficient  proof  of  this  process 
of  extension  from  the  skin  would  be  really  a  very  arduous 
matter.  But  if  it  is  difficult  to  prove  that  origin  of  the  mamma 
by  direct  evidence,  it  is  no  less  difficult  directly  to  disprove  it. 
To  make  out  a  parallelism,  however,  between  the  development 
of  the  mammary  acini  and  the  development  of  the  adjacent 
lobules  of  fat  is  perfectly  fresh  ground;  and  that  parallelism, 
and  the  identity  of  the  matrix  in  the  two  cases,  will  be  the 
issue  raised. 

The  resemblance  between  the  mode  of  origin  of  the  fat- 
lobules  and  of  the  mammary  acini  is  first  suggested  by  that 
stage  of  the  development  of  the  breast  which  is  represented 
in  Fig.  1.  The  figure  represents  a  mammary  lobule  in  a 
guinea-pig  four  days  old.  The  expansion  of  the  lobule  is  very 
considerable,  so  much  so  that  the  system  of  ducts  is  completely 
obscured  by  the  acini.  Each  acinus  is  a  rounded  space  dis- 
tended by  large  vacuolated  cells  like  fat-cells,  among  which 
many  nuclei  lie  at  various  depths.  If  reference  be  now  made 
to  Fig.  2,  which  shows  the  condition  of  the  breast  in  the 
guinea-pig  three  or  four  weeks  earlier,  some  idea  will  be  ob* 
tained  of  the  way  in  which  this  great  expansion  of  secretory 
structure  comes  about.  In  the  earlier  of  the  two  stages  of 
development,  there  are  present  only  the  ducts,  representing 
the  framework  of  the  gland,  and  around  them  a  quantity  of 
embryonic  tissue.  It  is  from  this  field  of  embryonic  tissue 
that  the  cluster  of  adni,  as  shown  in  Fig.  1,  have  sprung  up. 
Now,  at  the  earlier  stage  of  development  shown  in  Fig.  2,  a 
development  of  the  matrix-cells  into  fat-cells  has  already  taken 
place  at  various  points;  the  space  immediately  surrounding 
the  rudimentary  lobule  in  the  figure  is  occupied  by  fat-tissue, 
although  the  drawing  has  not  been  extended  so  far.  It  will 
thus  appear,  that  if  the  mammary  acini  and  the  fat-lobules 
that  surround  them  develop  from  the  same  matrix,  the  fat- 
development  is  about  three  weeks  in  advance  of  the  develop- 
ment of  the  secreting  structures.    The  contention  is  that  the 
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embryonic  tissue  nearest  to  the  ducts  is  left  to  undergo  a  later 
and  somewhat  more  special  differentiation. 

It  might  therefore  be  supposed  that  the  mammary  region 
of  the  guinea-pig  contained  within  itself,  at  various  periods  of 
embryonic  life^  all  the  elements  for  a  comparison  between  the 
development  of  collections  of  fat-cells  and  the  development 
of  acini.  The  assertion  is  that  from  one  and  the  same  matrix 
there  develop  first  a  certain  number  of  fat-lobules,  and  after- 
wards the  acini  The  peculiar  cellular  transformation  that 
leads  to  the  production  of  fat-lobules  in  certain  parts  of  the 
matrix  is  the  same  that,  three  weeks  later,  leads  to  the  for- 
mation of  acini  in  the  surviving  or  untransformed  par€  of  the 
matrix.  But  that  apparently  simple  question  cannot  be  put 
to  a  satisfactory  pro<^  in  the  guinea-pig  alone.  It  so  happens 
that  the  parallelism  between  the  fat-development  and  the 
development  of  acini  can  be  much  more  clearly  traced  by 
studying  the  course  of  fat-development  in  the  inguinal  region 
of  the  foetal  kitten;  and  the  reason  of  this  will  now  be  ex- 
plained by  a  statement  of  the  anatomical  characters  of  the 
mamma  in  the  two  animals. 

In  the  adult  guinearpig  the  mamma  on  each  side  is  a 
flattened  pyramidal  body,  the  apex  of  which  is  at  the  nipple 
and  the  base  towards  the  groin;  its  length  is  rather  more 
than  one  inch.  The  mammaiy  structure  proper  is  of  a  reddish 
brown  colour,  and  is  surrounded  on  all  sides  by  a  large  quantity 
of  fat.  In  a  vertical  section  of  the  entire  organ,  including  the 
fat,  the  brownish  parenchyma  of  the  gland  appears  as  a  central 
wedge,  sending  out  processes  into,  and  interlocking  with  the 
fat  on  all  sides.  The  mamma  is  not  separable  from  the  fat 
without  much  dissection,  but  the  mamma  and  fat  together 
form  a  flattened  pyramidal  mass  which  is  loosely  connected 
with  the  surrounding  tissues.  On  the  other  hand,  the  mamma 
of  the  cat  on  each  side  is  an  extensive  broad  and  flattened  strip 
of  glandular  substance  extending  from  the  groin  to  the  upper 
part  of  the  thorax,  and  supplied  with  four  or  five  teats  at 
intervals  corresponding  to  the  systems  of  ducts  of  four  or  five 
originally  separate  glands.  It  is  only  at  the  inguinal  end 
that  there  is  a  considerable  quantity  of  fat;  it  forms  a  thick 
cushion  beneath  the  gland.      The  mamma  is  an  expanded 
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layer  or  stratum  of  purely  glandular  structure,  which  rests, 
chiefly  at  its  inguinal  end,  upon  a  cushion  of  fat.  Whereas 
in  the  guinea-pig  the  fat  could  he  separated  from  the  gland 
only  by  a  tedious  dissection,  in  the  cat  it  could  be  removed  by 
a  single  horizontal  incision. 

Corresponding  to  those  anatomical  diflerences  in  the  adult 
condition  of  the  two  animals,  there  are  remarkable  differences 
in  the  development.  What  may  be  called  the  mammary  fat 
develops  in  the  kitten  not  only  in  the  plane  beneath  the 
mamma,  but  it  develops  as  an  independent  organ.  This 
organ  is  sl  fat-body,  not  differing,  except  in  its  ulterior  develop- 
ment, from  the  iat-bodies  that  occur  in  other  classes  of  animals 
in  various  situations  and  possessed  of  various  functions.  But 
there  is  another  important  difference  between  the  mammary  fat 
of  the  kitten  and  that  of  the  guinea-pig.  In  the  foetal  guinea- 
pig  the  fat  has  passed  through  its  embryonic  transformation 
and  has  reached  its  nearly  perfect  or  mature  form  about  three 
weeks  before  birth.  In  the  kitten  the  fat,  developing  as  a 
fat-body,  is  still  undergoing  its  developmental  changes  up  to, 
and  in  some  cases  a  few  days  beyond,  the  time  of  birth.  The 
development  of  the  mammary  fat  is  a  very  much  slower  or ' 
more  gradual  process  in  the  kitten  than  in  the  guinea-pig. 
From  this  circumstance,  and  from  the  oircumstance  of  its 
development  as  a  separate  organ  or  fat-body,  or  rather  from 
both  circumstances  inextricably  combined,  the  comparison  can 
be  best  made  between  the  mammary  fat  of  the  kitten,  on  the 
one  hand,  and  the  acini  of  the  guinea-pig  on  the  other.  An 
interval.of  about  three  weeks  occurs  in  the  guinea-pig  between 
the  £Eit-development  and  the  formation  of  the  acini,  and  the 
same  interval  of  time  occurs  between  the  completion  of  the 
fat-development  in  the  guinea-pig  and  that  in  the  kitten; 
so  that^  although  the  mammary  a^pini  in  the  new-bom  guinea- 
pig  are  comparable  to  its  fat-lobules  three  weeks  before  birth, 
they  are  also  comparable  to  the  fat-lobules  of  the  kitten 
of  its  own  age;  and  that  comparison  is  much  the  more 
striking  of  the  two.  There  is  reason  to  think  that  the  de- 
velopment of  the  mammaiy  acini  in  the  kitten  follows  that 
of  the  fat-lobules  by  about  the  same  interval  as  in  the 
guinea-pig,  and  that  it  takes  place  on  the  upper  surface  or 
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youngest  part  of  the  fat-body ;  but  the  development  of  the 
acini  -will  be  explained  in  the  guinea-pig  only.  The  kitten 
will  therefore  be  used  to  explain  the  fat-development  in  the 
inguinal  region,  and  the  guinea-pig  to  explain  the  mammary 
development;  and  it  will  be  most  convenient,  in  order  to  make 
a  comparison  between  the  two  processes,  to  commence  with  an 
account  of  the  former. 

The  description  now  to  be  given  of  the  development  of 
the  fat-tissue  in  the  inguinal  region  of  the  kitten,  or,  in  other 
words,  of  the  inguinal  fat-body  of  the  kitten,  does  not  differ 
essentially  from  that  given  by  Toldt\  The  chief  points  of 
immediate  interest  in  Toldt's  paper  are  as  follows.  In  the 
earlier  months  of  embryonic  life  the  fat-cell  is  a  round  and 
finely  granular  cell  with  a  nucleus,  but  without  a  ccU-wall, 
and  differing  from  a  colourless  blood-corpuscle  only  in  point 
of  size;  at  this  stage  the  fat-cell  is  already  differentiated 
from  a  connective-tissue  cell.  The  development  of  the  fat- 
tissue  is  always  directly  bound  up  with  the  existence  of  a 
system  of  blood-vessels ;  if  three  or  four  cells  are  found  grouped 
together  as  the  rudiment  of  a  fat-lobule,  this  grouping  is 
already  in  connexion  with  blood-vessels.  By  reason  of  the 
characteristic  and  independent  system  of  blood-vessels  for  the 
fat-tissue,  there  is  suggested  a  close  analogy  between  the 
aggregate  of  fat-lobules  and  an  acinous  gland*.  Those  aggre- 
gates of  fat-lobules  are  the  fat-bodies.  It  is  in  the  form  of  inde- 
pendent organs  that  the  future  fat-tissue  occurs  in  the  embryo 
stage  of  some  mammalians,  while  these  bodies  persist  through 
life  in  batrachians*  In  insects,  they  are  organs  of  great  im- 
portance, and  of  various  functions.  The  fat-body  in  the  in-* 
guinal  region  of  the  new-bom  kitten  is  one  of  those  described 
by  Toldt ;  one  of  the  figures  in  illustration  of  his  paper  gives 
an  excellent  idea  of  the  perfect  and  independent  vascular 
supply  of  the  fat-body. 

The  pair  of  fat-bodies  in  the  inguinal  region  of  the  new- 
bom  kitten  are  at  first  sight  exactly  like  a  pair  of  secreting 
glands.    They  are  about  half  an  inch  in  length,  somewhat 

'  Sit£ung$herichte  der  Wiener  Aka4emie,  1870,  p.  451. 

*  ProfesBor  Toldt*B  words  are:  '*  There  can  be  no  more  perfect  analogy 
than  that  which  Babsiets  between  the  fat-tissne  and  the  BO'Called  acinoas  glands 
in  respect  of  the  distribntion  of  their  blood-vessels.*' 
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cnrved,  and  placed  with  their  convexities  towards  the  middle 
line  of  the  body ;  their  posterior  end  is  thick  and  rounded, 
and  anteriorly  they  become  narrower  and  pointed.  Their 
anterior  ends  at  the  time  of  birth  correspond  almost  exactly 
to  the  inguinal  pair  of  teats  of  the  kitten.  The  blood-vessels 
may  be  seen  ramifying  on  their  lower  and  flattened  surface, 
a  large  trunk  running  exactly  in  the  centre  from  behind 
forwards,  and  giving  off  branches  symmetrically  on  each  side. 
The  bodies  have  a  loose  fibrous  investment,  which  isolates  them 
throughout  most  of  their  extent;  but  at  the  upper  and  an- 
terior end  they  cannot  be  detached  without  some  tearing  of 
their  substance.  In  other  words,  their  anterior  extremity  is 
not  definitely  rounded  and  circumscribed  as  the  posterior  is. 
They  have  the  parenchymatous  consistence  and  pinkish  colour 
of  a  secreting  gland,  when  fresh;  afler  hardening  in  spirit, 
they  become  more  spongy.  Microscopic  sections  of  them  pre- 
sent a  very  beautiful  appearance.  The  lobules  are  large  at 
the  posterior  end  of  the  body ;  the  smallest  groups  of  cells 
are  met  with  at  the  upper  and  anterior  end.  Each  lobule 
is  a  closely  packed  mass  of  large  cells  with  very  striking 
characters  (Fig.  3,  C).  The  substance  of  the  cells  is  a  granular 
protoplasm,  and  in  all  of  them  it  is  occupied  by  one  or 
more  vacuoles.  Generally  there  is  only  one  large  vacuole 
occup3ring  the  lower  segment  of  the  sphere,  while  the  pro* 
toplasm  is  chiefly  massed  at  the  other  pole  of  the  cell,  and 
appears  in  section  as  a  crescentic  band.  The  nucleus  has 
usually  an  excentric  position  in  the  midst  of  the  crescent- 
shaped  band  of  cell-substance.  The  boundary  of  the  cell,  or 
the  wall  of  the  vacuole,  is  also  formed  by  the  same  granular 
substance,  forming  a  narrow  belt  or  ring  at  the  opposite  pole. 
These  cells  have  all  the  character  of  secreting-cells ;  if  there 
was  an  outlet  for  their  fluid  contents,  the  fat-body  might  be 
viewed  as  a  gland.  But  a  few  days  after  birth,  this  develop- 
mental appearance  passes  away ;  the  cells  of  the  fat-body  are 
so  completely  excavated  and  filled  with  fluid  that  their  granular 
substance  disappears,  and  the  original  protoplasmic  cell  is 
represented  only  by  a  thin  sac-like  membrane  filled  with 
an  oily  fluid.  Instead  of  the  vacuolated  cell  giving  up  its 
fluid  contOTts,  as  in  a  secretory  process,  it  retains  the  fluid 
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permanently.  At  the  same  time  the  individual  cells  expand 
greatly,  and  the  fat-body  becomes  a  mass  of  fat  which  extends 
forwards. and  laterally. 

Many  of  the  cells  found  within  the  developing  acini  of 
the  mamma  (in  the  guinea-pig)  have  the  closest  resemblance 
to  the  vacuolated  protoplasmic  cells  of  the  fat-body  (in  the 
kitten),  and  this  resemblance  is  so  striking,  that,  in  the  pre- 
liminary notice  of  this  investigation,  it  was  said  that  the  upper 
and  younger  groups  of  cells  of  the  fat-body  in  the  kitten  did 
actually  become  the  acini  of  the  mamma.  That,  however, 
is  too  superficial  a  view  of  the  problem,  and  cannot  be  shown 
to  be  true  as  a  matter  of  fact.  There  is  not  an  identity  be* 
tween  the  fat-body,  or  any  part  of  it,  and  the  mammary  se« 
creting  structure ;  but  there  is  an  identity  in  the  matrix-tissue 
of  both,  and  a  remarkable  parallelism  in  their  respective  de- 
velopments. This  parallelism  will  now  be  explained,  first  by 
tracing  the  fat-body  (of  the  kitten)  backwards  to  its  origin, 
and  afterwards  by  describing  the  mode  of  origin  of  the  mam- 
mary  acini  (in  the  guinea-pig). 

The  various  representative  stages  of  the  fat-body  are  shown 
in  A,  B,  and  C  of  Fig.  3,  that  shown  in  C  having  been  just 
described  as  the  stage  immediately  preceding  the  final  or 
mature  stage  of  the  fat.  The  condition  in  B,  taken  from  an 
embryo  kitten  about  3^  inches  long,  or  two-thirds  grown,  is 
the  characteristic  earlier  stage;  while  A,  from  an  embiyo 
kitten  2^  inches  long,  shows  the  earliest  collection  of  cells 
that  can  be  identified  as  going  to  form  a  fat-lobule.  The  fat- 
body,  which,  at  the  acme  of  its  development,  is  an  isolated 
parenchymatous  organ  with  a  separate  vascular  supply,  com- 
mences at  many  scattered  points  in  the  inguinal  region.  The 
small  groups  of  cells  that  afterwards  become  fat-lobules  first 
show  themselves  at  the  extreme  inguinal  end  of  the  abdominal 
wall.  Between  the  abdominal  muscles  on  the  lower  side  and 
the  rete  mucosum  on  the  upper,  a  wedge-shaped  mass  of  gela- 
tinous tissue  is  inserted,  the  pointed  end  being  forwards.  It 
is  in  this  subcutaneous  matrix  that  the  clusters  of  fat-cells 
take  origin.  The  appearance  of  this  matrix-tissue  is  shown 
in  Fig.  3,  A.  Spindle-cells  occur  somewhat  sparsely  in  the 
midst  of  a  grouud-substance  which  is  hyaline  when  fresh,  but 
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assumes  a  granular  or  thready  appearance  after  coagulation 
by  reagents.  At  an  earlier  period,  the  embryonic  cells  of  this 
region  are  relatively  much  more  numerous.  The  spindle-cells 
are  the  ordinary  embryonic  cells  of  the  mesoblast,  persisting 
to  a  comparatively  late  period  of  foetal  life.  At  a  number  of 
points,  such  as  the  one  shown  in  the  centre  of  the  figure, 
ceUs  are  massed  more  closely.  There  is  no  reason  to  sup- 
pose that  these  groups  of  cells  are  derived  from  any  other 
source  than  the  spindle-cells  of  the  part.  The  group  begins 
to  form  by  the  subdivision  of  one  of  the  embryonic  cells; 
the  progeny  are  more  globular,  and  with  a  larger  amount 
of  protopllism  round  the  nucleus.  The  differentiation  towards 
a  £Gkt-lobule  has  already  begun,  and  the  divergence  from  the 
spindle-cell  or  cell  of  the  connective-tissue  type  goes  on  in* 
creasing.  The  small  clusters  of  spherical  protoplasmic  cells 
expand ;  the  ceUs  at  the  same  time  become  larger  and  more 
like  epithelium,  the  growing  lobule  having  the  appearance 
shown  in  Fig.  3,  B.  In  the  oldest  part  of  the  fat-region,  the 
lobules  are  already  large  and  packed  closely  together ;  although 
the  fiftt-body  is  not  yet  encapsuled  or  isolable  as  whole,  yet 
the  space  between  the  rete  mucosum  and  the  abdominal 
muscles  is  readily  seen  to  be  occupied  by  a  special  kind  of 
tissue,  forming  a  wedge-shaped  mass  which,  in  alcohol  pre- 
parations, has  a  whitish  appearance.  The  largest  lobules  are 
many  times  the  size  of  the  one  figured,  and  their  cells,  repre- 
senting a  passing  phase  in  the  development,  often  have  a  close 
resemblance  to  the  epithelial  cells  of  the  supra-ren&l  body. 
About  the  time  of  birth  the  fat-body  has  acquired  the  ap- 
pearance of  being  an  independent  organ,  and  the  cells  are 
all  vacuolated  as  in  Fig.  3,  C.  During  the  development  of 
the  fat-body,  one  or  more  lymphatic  glands  have  developed 
apparently  in  the  midst  of  it,  towards  its  lower  surface. 

Throughout  the  growth  of  this  body  or  organ,  the  develop- 
ment, as  has  been  already  stated,  is  not  in  an  equally  forward 
state  at  all  points.  The  groups  of  fat-cells  first  appear  at  the 
extreme  inguinal  end  of  the  region,  and  the  order  of  appearance 
of  the  various  centres  of  development  is,  throughout  the  whole 
process,  from  behind  forwards  and  from  below  upwards. 
Again,    when    the    fat-bodies    are    already    of    considerable 
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size  in  the  groin,  the  corresponding  formation  of  fat-tissue 
at  separata  points,  beneath  the  three  or  four  anterior  pairs 
of  teats  in  the  kitten,  has  not  advanced  bejond  the  first 
stage  of  small  scattered  groups  of  embryonic  cells.  In  these 
anterior  regions  of  the  abdominal  and  thoracic  walls,  the  fat 
is  at  no  period  of  its  existence  found  as  a  separate  body  or 
organ,  although  the  early  stages  of  its  formation  are  the 
same  as  in  the  actual  fat-body  of  the  groin.  Limiting  the 
attention  again  to  the  latter,  the  first  steps  of  development 
may  be  observed  at  its  anterior  end,  and  on  its  upper  sur&ce, 
and  even  in  the  tracts  of  embryonic  tissue  that  lie  between 
the  lobules^  at  a  time  when  the  development  as  a  whole  is 
well  advanced.  Now  it  is  at  those  tardier  points,  at  the  an- 
terior end  and  on  the  upper  surface,  that  the  first  appearance 
of  mammaiy  secreting  structure  must  be  looked  for.  In  the 
cat  it  has  not  been  found  practicable  to  trace  the  formation 
of  the  mammary  acini  from  the  embryonic  tissue  of  the  upper 
surface  of  the  fat-body.  K  it  is  necessary  to  carry  out  the 
alleged  parallelism  in  the  same  animal,  it  must  suffice  to  state 
the  hypothesis  that  in  the  cat  the  mammary  acini  begin  where 
the  fat  ends,  and  that  the  latest  differentiation  of  the  em- 
bryonic cells  in  the  fat-region  is  appropriated  to  a  still  more 
particular  purpose,  that  is,  to  become  the  secreting  structure 
of  a  gland.  But  at  this  point  the  field  of  observation  must 
be  changed  from  the  cat  to  the  guinea-pig. 

It  has  been  already  explained  that,  whereas  in  the  cat  the 
lower  end  of  the  mammary  gland  lies  altogether  above  the 
&t-body,  or  rather  above  the  cushion  of  fat  into  which  the 
latter  is  changed ;  in  the  guinea-pig,  on  the  other  hand,  the 
mamma  and  the  fat-tissue  are  interlocked  on  all  sides,  and  the 
mamma  is  limited  to  the  inguinal  region.  Whatever  these 
differences  may  signify  from  the  point  of  view  of  phylogeny  or 
evolution,  they  at  least  make  the  guinea-pig  a  more  convenient 
animal  on  which  to  demonstrate  the  present  theory  of  mammary 
developnent  by  microscopic  preparations.  The  fat-lobules  of 
the  mammary  region  in  the  guinea-pig  do  not  form  a  fat-body ; 
they  never  pass  through  the  remarkable  gland-like  phase  that 
the  fat-body  of  the  kitten  is  so  well  adapted  to  illustrate. 
But,  on  the  other  hand,  the  mammary  development  takes  place 
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in  the  midst  of  the  fat-development,  and  it  is  therefore  easier 
to  show  that  the  matriz-tissae  of  the  two  kinds  of  structure  is 
tiie  same.  The  mere  contiguity  does  not  of  oourse  afford  any 
proof,  but  it  greatly  simplifies  the  statement  of  the  problem 
and  the  presentation  of  evidence.  For  the  same  reason  as  in 
the  guinea-pig,  the  udder  of  the  fcotal  calf  would  probably  be 
found  very  useful  for  putting  this  question  to  the  proof.  In 
a  fcetal  cow-calf,  about  half-grown,  the  udder  is  found  to  have 
its  prop^"  shape  and  its  relatiye  size,  being  a  conical  eminence 
completely  raised  above  the  skin,  upwards  of  an  inch  in 
diameter  at  its  base,  and  somewhat  less  in  height  Two  pairs 
of  teats  are  also  perfectly  developed,  and  the  rudiments  of  large 
ducts  are  found  over  a  small  space  directly  beneath  the  teats. 
The  substance  of  the  udder  is  a  gelatinous  mass,  in  the  midst 
of  which  lie  a  large  number  of  small  round  bodies  of  a  some* 
what  different  texture,  like  tubercles  in  the  substance  of  an 
oigan.  These  round  tubercle-like  bodies  are  distributed  through- 
out the  whole  substance  of  the  udder  quite  regularly,  and  it 
might  be  supposed  that  they  were  the  already  developed  lobules 
of  the  gland,  visible  through  the  gelatinous  stroma.  On  ex- 
amination, however,  they  are  found  to  be  collections  of  fat-cells, 
developing  from  the  gelatinous  embryonic  tissue  of  the  udder 
at  many  r^ularly  distributed  centres.  The  abundant  gelatinous 
tissue  in  which  they  occur  is  .of  the  embryonic  kind  usual  in 
the  mesoblast,  containing  numerous  spindle-cells  and  a  large 
amount  of  hyaline  intercellular  substance.  The  hypothesis,  as 
regards  this  form  of  udder,  would  be  that  the  adni  develope 
throughout  the  whole  udder  from  the  remaining  embryonic 
tissue,  in  much  the  same  way,  and  irom  much  the  same  number  of 
independent  centres,  as  the  fat-lobules  had  done  before  them. 
It  was  not  possible,  however,  to  put  the  hypothesis  to  the  test, 
from  want  of  suitable  material. 

In  describing  the  development  of  the  mamma  in  the  guinea- 
pig,  it  is  convenient  at  first  to  disregard  the  development  of 
the  ducts,  and  to  treat  the  acini  developing  as  if  the  ducts  were 
non-existent.  In  Fig.  2  is  shown  a  portion  of  a  duct  and  ter- 
minal branches.  The  tissue  surrounding  it  is  a  part  of  the 
embryonic  tissue,  of  which  the  whole  wedge-shaped  body  in 
the   groin  at  one  time  consisted.     The  ducts  now  penetrate 
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the  centre  of  it,  and  the  fat-tissue  lies  immediately  outside 
it.  Those  surviving  tracts  of  embryonic  tissue  are  seen  to  con> 
tain  groups  of  cells  at  various  points,  which,  at  first  sight, 
resemble  the  aggregates  of  embryonic  cells  from  which  the 
fat-lobule  had  developed.  Turning  now  to  Fig.  1,  showing 
the  state  of  the  mamma  about  three  weeks  later,  the  place 
of  the  embryonic  tissue  round  the  duct  is  found  to  be  taken 
by  a  large  collection  of  acini,  completely  overshadowing  the 
central  duct,  to  which  they  are  related.  The  rudimentary 
or  potential  lobule  ot  the  earlier  period  has.  expanded  into  a 
voluminous  group  of  acini,  each  of  which  is  much  more  like  a 
small  collection  of  fat-cells  than  the  epithelium-covered  recess 
of  a  secreting  gland.  The  acini  are  essentially  collections  of 
fat-cells  which  have  developed  from  the  remaining  tracts  of  the 
matrix-tissue  by  the  side  of  the  ducts,  and  which  have  under- 
gone exactly  the  same  process,  of  transformation  in  the  indi- 
vidual cell  that  the  fat-tissue  had  undergone  at  an  earlier 
period.  The  original  wedge  of  embryonic  tissue  in  the  in- 
guinal region  has  become  fat-tissue,  except  along  certain  central 
tracts  or  planes  in  which  the  already-formed  ducts  lie;  the 
ducts,  and  the  embiyonic  tissue,  among  which  they  lie,  form,  as 
it  were,  an  island  of  the  original  matrix  that  has  escaped  be- 
coming fat-tissue.  At  a  later  stage  of  development,  the 
encroachment  of  the  fat  is  stiU  greater,  and  the  embryonic 
tissue  remains  only  as  narrow  strips  along  the  sides  of  the  ducts 
and  round  their  terminations.  It  is  from  these  narrow  margins 
of  the  original  matrix  that  the  acini  develope.  The  great 
expansion  of  acini  shown  in  Fig.  1  implies  a  very  considerable 
development  from  so  narrow  a  basis ;  but  the  process  of  ex- 
pansion becomes  intelligible  by  observing  the  mode  of  de- 
velopment of  the  acini  singly.  It  is  here  that  the  observations 
now  to  be  recorded  agree  with  the  general  conclusions  on  gland* 
development  arrived  at  by  Qoodsir. 

If,  in  new-born  guinea-pigs,  the  margins  of  embryonic 
tissue  which  run  along  the  sides  of  the  ducts,  or  extend  from 
the  ends  of  them  in  narrow  planes  through  the  fat,  be  examined 
closely,  there  will  be  frequently  seen  the  appearances  drawn  in 
Fig.  4,  A,  B,  and  G,  under  a  magnifying  power  of  about  600 
diameters.      There  is  first  distinguished   a  small   cluster   of 
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eells,  B3  in  A;  one  of  the  cells  is  vacuolated  and  has  a  large 
nucleus  on  the  peripheiy,  two  other  cells  have  a  conical  ex- 
tension of   protoplasm^  and  there  is  on  the  other  side  an 
elongated  nuclear  cell.    In  the  margin  of  tissue  by  the  side 
of  the  ducty  these  four  cells  are  a  distinct  and  isolated  cluster. 
This  maigin  of  tissue  can  he  seen,  by  careful  examination, 
to  contain  many  such,  and  among  them  groups  of  the  kind 
shown  in  B.    This  group  is  more  obviously  an  independent 
cluster  or  colony;  the  outer  row  of  cells  have  an  elongated 
crescentic  form,  and  some  of  them  have  processes  which  appear 
to  complete  the  circuit  and  retain  th^  whole  within  a  definite 
boundary.    In   t7  a  similar  appeanmee  is  shown;  the  cellular 
development  is  found  in  the  midst  of  one  of  the  narrow  strips 
of  embryonic  tissue  that  extend  from  the  duct  through  the  fat. 
At  the  lowest  part  of  the  figure  is  a  cluster  of  very  minute 
nuclear  cells;  above  them  are  two  other  rudimentary  acini 
with  better-marked  characters.     The  lower  of  the  two  con- 
tains two  large  vacuolated  cells,  not  distinguishable  from  fiit- 
cells;   these  clusters  are,  however,  quite  certainly  acini.    It 
appears  probable  that  the  regular  spherical  arrangement  of  the 
cells  forming  an  acinus  is  produced  by  means  of  the  extensive 
vacuolation  of  one  or  more  of  the  cells.    The  periphery  of  the 
vacuolated  cells  becomes  the  circular  boundary  of  the  acinus. 
If  the  figures  B  and  O  are  compared,  the  crescentic  cells  in 
B  that  form  the  boundary  of  the  acinus  will  be  found  to  cor- 
respond to  the  peripheral  nuclei  of  the  large  vacuolated  cells  in 
C    All  the  cells  of  the  cluster,  more  or  less,  undergo  the  vacuo- 
lation at  one  time  or  another ;  the  earliest  vacuolations  seem 
to  determine  the  form  and  expansion  of  the  acinup^  and  in  the 
acini  of  Fig.  1  the  process  is  seen  to  be  quite  general.    These 
appearances,  apart  from  their  bearing  on  the  homology  with 
the  &t-lobules,  seem  to  point  to  a  less  rigid  law  of  acinous 
development  than  that  laid  down  by  Qoodsir*    According  to 
Goodsir,  ''an  acinus  is  at  first  a  single  nucleated  cell    From  the 
nucleus  of  this  cell  others  are  produced.    From  these,  again, 
others  arise  in  the  same  manner.    The  parent  cell,  however, 
does  not  dissolve  away,  but  remains  as  a  covering  to  the  whole 
mass,  and  is  appended,  to  the  extremity  of  the  duct    Its  cavity, 
therefore,  as  a  consequence  of  its  mode  of  development,  has  no 
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commnnication  with  the  duct."  According  to  this  view,  based 
chiefly  on  studies  of  iuTertebrate  or  lower  vertebrate  animals, 
the  boundary  of  the  acinus  is  formed  by  the  distended  wall  of 
a  single  cell,  in  the  parent  cavity  of  which  all  the  cells  of  the 
acinus,  or  the  future  epithelium,  have  developed.  However 
that  may  be,  the  j^^sent  description  agrees  with  that  of 
Goodsir  in  the  important  point  that  the  development  of  acini 
is  not  by  means  of  protrusions  of  the  ducts  so  as  to  form  in- 
fundibula  or  recesses  at  many  points  along  their  course,  but 
that  it  is  an  interstitial  development  from  the  embryonic  tissue 
that  surrounds  the  ducts.  Those  margins  of  embryonic  tissue, 
it  has  been  said,  become  extremely  narrow  by  the  time  that 
the  system  of  ducts  and  the  surrounding  fat  are  completely 
developed ;  so  much  so,  that  at  some  places  they  might  be 
maintained  to  be  nothing  more,  in  relation  to  the  ducts,  than 
a  submucous  row  of  cells.  Here  again  there  is  a  striking 
agreement  with  the  observations  of  Qoodsir,  and  it  will  be  seen 
from  the  quotation  that  he  did  not  find  the  circumstance  just 
mentioned  to  be  inconsistent  with  the  notion  of  interstitial 
development.  The  observation  of  Goodsir  does  not  refer  to  the 
embryonic  development,  but  to  those  periodical  ''developments" 
of  glands  from  season  to  season,  which  he  compared  to  their 
embryonic  development.  The  example  chosen  is  the  testicle 
of  a  shark  (Squalue  comubictie)  in  its  various  stages  as  it 
advanced  from  the  resting  state  to  the  active  secretory  state  at 
the  time  of  sexual  vigour.    The  acini  "  developed  "  as  follows : 

*^  1st.  A  single  nucleated  cell  attached  to  the  side  of  the 
duct,  and  protruding,  as  it  were,  its  outer  membrane. 

"  2nd.  A  cell  containing  a  few  young  cells  grouped  in  a 
mass  within  it ;  the  parent  cell  presenting  itself  more  promi- 
nently on  the  side  of  the  duct 

"  3rd.  A  cell  attached  by  a  pedicle  to  the  duct,  the  pedicle 
being  tubular  and  communicating  with  the  duct ;  the  cell  itself 
being  pyriform,  but  closed  and  full  of  nucleated  cells. 

''  4th.  Cells  larger  than  the  last,  assuming  more  of  a  globular 
form,  still  closed,  full  of  nucleated  cells,  and  situated  more 
towards  the  surface  of  the  lol)6. 

"  5th.  The  full-sized  vesicles  already  described  as  situated 
at  the  surface  of  the  lobe.    These  vesicles  are  spherical,  per- 
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feotly  dosed ;  that  part  of  the  wall  oS  each  which  is  attached 
to  the  hollow  pedicle  forms  a  diaphragm  across  the  passage, 
80  that  the  vesicle  has  no  oommunicatiou  widi  the  ducts  of  the 
gland*"  When  the  contents  of  the  acini  are  mature,  the  above- 
mentioned  diaphragm,  says  Goodsir,  is  bioken  through^  and  the 
contents  of  the  acini  are  discharged  into  the  ducts. 

Having  described  in  the  guinea-pig  the  mode  of  origin  of 
the  acini  by  the  side  of  the  ducts,  and  their  appearanee  in 
a  fully-expanded  lobule  at  the  time  of  birth,  it  will  now  be 
possible  to  .trace  the  parallelism  with  the  fat-development  at  all 
points.  The  cluster  of  four  eells  in  Fig.  4  A  (mamma  of 
guinea-pig)  is  in  every  respect  the  same  aa  those  small  groups 
of  cells  that  indicate  the  beginning  of  a  fat-lobule  in  the  ex- 
treme inguinal  region  of  the  fcetal  kitten ;  the  presence  of  one 
or  more  vacuolated  cells,  around  which  the  others  are  grouped, 
is  no  less  characteristic  of  the  latter  than  of  the  former,  and  this 
initial  similarity  is  as  striking  as  the  resemblance  at  more 
mature  perioda  In  the  case  of  the  kitten,  these  ''germinal 
spots  "  of  the  matrix  proceed  to  form  the  lobules  of  a  fat-body, 
which  has  many  points  of  resemblance  to  a  gland ;  in  the  case 
of  the  guinea-pig  they  arise  by  the  side  of  a  system  of  ducts 
already  iheref  and  instead  of  forming  a  gland-like  fat-body,  they 
become  the  serviceable  acini  of  a  racemose  gland.  The  stages 
A,  B,  and  C  of  Fig.  3  (fat-lobule  of  kitten)  may  be  compared  to 
A,  B,  and  C  of  Fig.  4  (mammary  acinus  of  guinea-pig) ;  while 
the  expanded  mammary  lobule  of  Fig.  1  may  be  compared  to  a 
cluster  of  ffit-lobules  of  the  same  gland,  as  they  existed  three 
weeks  earlier.  There  is  thus  an  identity  as  regards  the  matrix 
tissue,  a  similarity  in  the  initial  grouping  of  the  embryonic 
cells,  and  a  more  than  ordinarily  striking  similarity  in  the 
destiny  or  subsequent  transformations  of  the  cells.  That  des- 
tiny is  that  they  become  sph^ical,  assuming  a  protoplasmic 
investm^it  round  the  nucleus,  and  that  they  undergo  a  process 
of  vacuolation.  The  two  distinguishing  featured  of  the  groups 
of  cells  that  become  the  mammary  acini  are,  (1)  that  they  are 
the  last  <^  the  embryonic  cells  to  undergo  their  {)eculiar  deve- 
lopment^ and  (2)  that  they  are  ranged  along  the  sides  of  ducts. 
In  those  two  circumstances  lies  the  diSerentiation  of  the 
mammary  acini  from  the  other  parts  of  the  fat-body  or  of  the 
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inguinal  &t-Tegion«  The  comparative  anatomy  of  the  breast  will 
throw  some  light  on  the  way  in  which  the  differentiation  has 
come  aboat.  It  will  be  convenient  to  introdnce  this  subject  at 
once,  in  treating  of  the  next  section  of  the  inquiry,  viz.  the 
development  of  the  ducta 

In  the  guinea-pig  a  system  of  ducts  is  found  extending 
throughout  the  entire  region  of  the  future  gland  several  weeks 
before  any  acini  can  be  distinguished  as  such,  and  both  in  the 
foetal  kitten  and  guinea-pig  the  nipples  are  well  formed  at  a  still 
earlier  period.  This  order  of  development  in  the  individual 
rodent  or  carnivorous  animal  is  a  remarkable  reversal  of  the 
order  of  appearance  of  the  various  structures  in  the  phylogene- 
tic  succession  of  mammalian  animals.  In  the  Omithorhynchus 
and  Echidna  there  is  no  nipple,  and  there  are,  strictly  speaking, 
no  ducts.  The  mamma  is  composed  of  about  100 — 200  flask- 
shaped  follicles,  each  of  which  terminates  in  the  skin  by  an 
elongated  neck.  The  necks  into  which  the  follicles  are  drawn 
out,  and  by  which  they  are  attached  to  the  skin,  may  be  re* 
garded  as  an  incipient  system  of  ducts.  In  each  follicle  there 
does  not  appear  to  be  more  than  a  single  central  passage.  The 
gland,  in  fact,  belongs  to  the  follicular  order  of  glands,  which 
appear  to  be  the  primitive  type  of  secreting  structures,  and 
which  often  occur  in  the  invertebrata  where  vertebrate  animals 
have  glands  of  the  acinous  type.  The  follicles  are  generally 
elongated,  the  blind  extremity  being  slightly  pointed.  The 
substance  of  the  follicle  is  a  mass  of  secreting  cells,  in  whose 
midst  a  more  or  less  regular  passage  exists  near  its  attached 
end,  by  means  of  which  the  secretion  is  poured  out.  The 
mammary  follicles  of  the  Echidna  are  somewhat  more  complex 
than  this,  but  the  plan  of  them  is  essentially  the  same.  It  has, 
indeed,  been  asserted  by  Owen*  that  the  structure  of  the  gland 
in  the  Echidna  is  "on  the  same  general  plan  as  that  of  the 
mammary  glands  in  higher  mammals,"  and  he  states,  in  particu* 
lar,  that  the  duct  by  which  the  follicle  opens  on  the  skin  is 
'Mirectly  continued  from  a  canal  which  may  be  traced  about 
half  way  toward  the  fundus  of  the  lobule;  the  canal  gives 
off  numerous  short  branches  from  its  circumference,  which 
subdivide  and  terminate  in  clusters  of  sub-spherical  '  acini '  or 

^  Philotoph'eal  Tramaettonst  1875. 
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secerning  cellules."    He  also  states  that  the  structure  closely 
resembles  that  of  the  Ornithorhynchtis,     Through  the  kindness 
of  Professor  Flower  I  have  been  able  to  examine  the  glands  of 
both  animals  with  the  microscope.     That  of  the  Echidna  was  in 
its  most  fully  developed  state,  while  that  of  the  Ornithorhynchus 
was  in  an  extremely  "involuted"  condition,  and  was  not  one- 
tenth  the  volume  of  the  other.    In  a  former  investigation  I 
described  at  great  length  the  histological  nature  of  those  peri- 
odical processes  of  "evolution"  and  "involution,"  and  among 
other  noticeable  points  was  this,  that  in  the  full  development 
of  the  secreting  structure  during  lactation  it  was  difficult  to  see 
the  system  of  ducts  on  account  of  the  great  expansion  of  the 
aciai  which  concealed  them,  while  in  the  shrunken  or  involuted 
state  of  the  gland,  when  the  function  was  in  abeyance,  the 
ducts  and  clusters  of  terminal  acini  were  everywhere  prominent, 
and  their  branching  arrangement  could  be  clearly  traced.    So 
that,  if  the  microscopic  examination  revealed  no  system  of  ducts 
and  terminal  acini  in  the  expanded  gland  of  the  Echidna,  they 
ought  at  least  to  have  been  quite  visible  in  the  involuted  gland 
of  the  Ornitiiorhynchus,    But  such  was  not  the  case.     A  single 
central  passage  ran  through  each  lobule,  and  it  is  probable  that 
it  had,  when  fresh,  a  lining  of  columnar  epithelium ;  but  a  race- 
mose system  of  ducts  and  acini  was  certainly  not  present ;  and 
I  can  only  explain  Professor  Owen's  statement  by  supposing 
that  the  injection  which  he  used  must  have  penetrated  through 
the  substance  of  the  follicle  along  certain  regular  lines  where 
the  resistance  was  less.     The  minute  structure  of  the  mamma 
in  those  two  animaLs  will  be  briefly  referred  to  afterwards ;  for 
the  present  they  may  be  safely  considered  to  be  glands  of  the 
follicular  type.    The  class  of  animals  that  come  next  to  the 
MonotremaUiy  as  regards  the  complexity  of  the  breasts,  are  the 
Cetacea;  the  marsupial  animals  in  this  respect  must  be  con- 
sidered somewhat  higher.      In  the  porpoise   each  gland  has 
a  single  common  duct,  which  runs  from  the  nipple  downwards 
to  a  considerable  depth.     Around  this  central  vertical  duct  the 
secreting  follicles  of  the  gland  are  grouped  in  more  or  less 
horizontal  planes  at  various  depths.      The  structure  is  still 
essentially  follicular,  but  the  follicles,  instead  of  opening  on  the 
bkin  each  by  its  own  duct,  discharge  into  a  common  conduit  at 
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various  points.  It  cati  easily  be  shown  diagramtnaticaliy  how 
the  racemose  system  of  ducts  is  produced  by  extending  the 
same  principle  of  centralisation,  of  which  the  beginning  is  seen 
in  the  cetacean  mamma.  With  the  system  of  ducts  comes 
necessarily  a  subdivision  of  the  parenchyma  into  acini.  It 
is  perhaps  impossible  now  to  trace,  in  nature,  all  the  steps  by 
which  this  modification  came  about,  but  it  appears  certain  that 
the  original  part  of  the  mamma  was  its  parenchyma,  or  the 
solid  aggregates  of  its  secreting  cells,  and  that  the  ducts,  wliich 
greatly  help  to  economise  the  secretion,  were  acquired  lat<er. 
Now,  as  regards  this  particular  organ  of  the  body,  the  principle 
that  the  embryonic  development  in  the  individual  is  a  brief 
recapitulation,  in  their  order,  of  all  the  acquisitions  that  have 
been  made  in  the  phylogenetic  succession,  does  not  hold  good. 
The  nipple  is  the  latest  addition  or  improvement  on  the  original 
mamma,  but  in  the  guinea-pig  and  cat  it  is  developed  in  the 
skin  long  before  the  secreting  structure  is  developed  in  the 
lower  stratum.  The  elaborate  systeih  of  ducts  constitutes  the 
other  addition  or  improvement,  but  in  the  guinea-pig  the  plan 
of  them  is  completely  laid  down  throughout  the  whole  extent  of 
the  future  gland,  before  the  essential  secreting  structure  or 
parenchyma  makes  its  appearance  as  such.  The  early  appear- 
ance of  the  ducts  has  been  noticed  by  the  writers  on  the  develop- 
ment of  the  breast,  and  it  is  no  doubt  owing  to  the  circum* 
stance  of  the  ducts  appearing  first  in  the  individual,  growing,  as 
it  were,  from  the  rete  mucosum  downwards,  that  the  gland  has 
been  taken  to  be  essentially  a  complex  reduplication  of  the 
ectoderm,  the  recesses  or  infundibula  of  which  were  utilised  for 
secretion.  It  has  been  pointed  out,  at  the  beginning  of  this 
paper,  that  the  theory  has  been  accepted  without  due  considera- 
tion of  the  evidence,  or  rather  want  of  evidence,  on  which  it 
was  based,  and  in  the  subsequent  parts  of  the  paper  another 
account  of  the  development  has  been  given,  resting  mainly  on 
histological  evidence,  but  supported  also  by  the  considerations 
adduced  above  from  comparative  anatomy. 

But  the  question  then  remains,  How  comes  it  that  this 
alleged  order  of  acquisition  of  the  various  parts  of  the  mamma 
in  the  evolution  of  animals,  is  reversed  in  the  development  of 
the  organ  in  an  individual  of  the  higher  mammalians,  such  as 
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thegamea*pig?  In  aoswering  this  question  it  will  be  necessary 
to  make  use  of  an  argument  that  is  stated  with  great  clearness 
in  Mr  Herbert  Spencer's  "Principles  of  Biology,"  and  which 
appears  to  be  an  original  generalisation  of  that  writer.  The 
following  extract^  wiU  present  this  argument  in  the  briefest 
possible  way. 

''The  same  kind  of  structure  is  not  always  produced  in  the 
same  ways;  and  some  allied  groups  of  organisms  have  modes 
of  evolution  which  appear  to  be  radically  contrasted.  The  two 
modes  are  broadly  distinguishable  as  the  direct  and  the  indirect. 
They  may  severally  characterise  the  general  course  of  evolution 
as  a  whole,  and  the  course  of  evolution  in  particular  organs.... 
Thus  in  the  immense  majority  of  articulate  animals,  metamor- 
phoses, more  or  less  marked  and  more  or  less  numerous,  are 
passed  through  on  the  way  to  maturity.  The  familiar  transforr 
mations  of  insects  show  us  how  circuitous  is  the  route  by  which 
the  embryo-form  arrives  at  the  adult  form  among  some  divisions 
of  the  Articulata.  But  there  are  other  divisions,  as  the  lower 
Arachnidct,  in  which  the  unfolding  of  the  egg  into  the  adult 
takes  place  in  the  simplest  manner:  the  substance  grows  to- 
wards its  appointed  shape  by  the  shortest  route." 

The  general  rule  is  that  the  indirect  development  character- 
ises the  most  highly  organised  forms;  conversely  it  is  direct  in 
a  laige  proportion  of  the  lower  types.  One  of  Mr  Spencer's 
illustrations  from  social  affairs  is  so  admirable  that  no  excuse  is 
needed  for  occupying  space  with  it  here. 

"A  new  town  in  the  United  States  arises  not  at  all  after 
the  old  method  of  gradual  accumulations  round  a  nucleus,  aod 
successive  small  modifications  of  structure  accompanying  in- 
crease of  size;  but  it  grows  up  over  a  large  area  according  to  a 
predetermined  plan;  and  there  are  developed,  at  the  outset, 
those  various  civil,  ecclesiastical  and  industrial  centres^  which 
the  incipient  city  will  require." 

The  argument  proceeds  as  follows: 

''Now  on  the  hypothesis  of  evolution,  all  organs  must  have 
been  originally  formed  upon  the  indirect  method,  by  the  accu- 
mulation of  modifications  upon  modifications;  and  if  the  develop- 
ment of  the  embryo  repeats  the  development  of  ancestral  races, 

^  Prineipleg  of  Biology,  Vol.  l  p.  871  et  seq. 
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organs  must  be  thus  formed  in  the  embryo.     To  a  considerable 
extent  they  are  thus  formed." 

Mr  Spencer  then  gives  examples  of  organs  that  are  formed 
according  to  the  indirect  mode,  and  of  other  organs  formed 
according  to  the  direct,  and  concludes  that,  on  the  hypothesis 
of  evolution,  the  direct  mode  of  development  in  the  latter  class 
must  have  been  substituted  for  the  indirect. 

The  bearing  of  this  speculation  on  the  development  of  the 
mamma  and  its  various  parts,  will  now  become  apparent  As 
there  are  certain  classes  of  animals  distinguished  from  other 
classes  by  the  "directness"  of  their  development,  and  as  there 
fire  some  organs  so  distinguished  from  other  organs  in  the  same 
animal,  so  there  are,  ia  one  and  the  same  oigan.  some  parts 
developed  ''Viirectly"  and  other  parts  developed  "indirectly." 
In  the  mammary  gland,  the  nipple  and  ducts  are  developed 
directly,  and  the  secreting  structure,  or  the  acini,  are  developed 
indirectly.  In  a  mammary  gland,  the  ducts  were  originally 
spaces  formed  in  the  midst  of  the  parenchyma  by  a  modification 
or  adaptation  of  the  same  along  certain  central  tracts.  But  the 
developing  gland  in  the  individual  (guinea-pig,  for  example) 
does  not  repeat  the  particular  steps  of  adaptation  or  modifica- 
tion, inasmuch  as  the  ducts  are  laid  down  throughout  their 
whole  extent  before  the  secreting  structure  appears.  The  indi- 
rect process  of  adaptation  is  replaced  by  a  direct  mode  of  origin. 
It  will  now  be  suitable  to  introduce  the  facts  relating  to  the 
origin  of  the  ducts. 

In  the  wedge-shaped  body  of  embryonic  tissue  in  the  groin 
of  a  foetal  guinea-pig  less  than  half  grown,  but  with  nipple 
already  formed,  there  are  seen,  extending  backwards  from  the 
nipple,  certain  narrow  tracts  of  cells,  which  are  simply  the 
embryonic  cells  of  the  part  closely  packed  together.  These 
tracts  of  closely-packed  cells  form  at  various  points  throughout 
the  embryonic  mass  independently  of  each  other,  and  no  con- 
tinuous extension  of  them  can  be  traced  from  the  nipple.  At 
this  period  of  development,  the  fat-lobules  are  beginning  to 
form  from  the  same  matrix,  and  it  is  impossible  in  some  cases 
to  distinguish  the  elongated  and  narrow  collections  of  rudimen* 
tary  fat-ceUs  from  the  first-mentioned  linear  aggregations  of 
cells.     But  there  are  some  unambiguous  cases  in  which  a  dis- 
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tinct  lumen  can  be  seen  in  the  narrow  tract  of  cells,  both  in  the 
longitudinal  and  in  the  cross  section^  and  it  can  hardly  be 
doubted  that  these  are  rudimentary  ducts.  The  appearances 
observed  in  the  udder  of  the  foetal  calf,  and  in  the  mammary 
region  of  the  new-bom  rat,  also  favour  this  view  of  the  origin  of 
the  ducts.  There  is  certainly  no  evidence  of  a  process  of 
growth  downwards  from  the  rete  mucosum  of  the  nipple» 
The  mode  in  which  a  communication  is  formed  between  the 
epidermic  excavation  or  depression  in  the  nipple,  and  the  ducts 
forming  in  the  lower  stratum,  does  not  seem  to  present  any 
great  difficulty  of  explanation;  but  it  has  been  found  necessary, 
for  other  reasons,  to  omit  it  from  the  present  paper. 

The  ducts  are  therefore  held  to  be  formed  as  aggregations 
of  the  embryonic  cells  of  the  matrix  along  certain  predeter- 
mined lines^  that  elementary  fact  seems  to  be  established,  and 
it  matters  little  for  the  present  purpose  that  no  circumstantial 
account  can  be  given  of  the  manner  in  which  these  cord-like 
structures  are  formed  into  hollow  tubes  lined,  in  the  mature 
state,  with  columnar  epithelium.  Certain  facts  of  a  negative 
kind  can  however  be  made  out.  In  the  course  of  formation  of  the 
ducts,  the  embryonic  cells  do  not  appear  to  undergo  any  of  the 
very  marked  transformations  that  have  been  described  for  the  fat- 
lobules  and  the  cells  of  the  acini.  As  compared  with  those  other 
structures  that  the  matrix-tissue  gives  origin  to,  the  ducts  may 
be  said  to  be  formed  out  of  the  embryonic  cells  by  the  "  direct  ** 
mode.  In  Mr  Spencer's  words,  "the  substance  grows  towards 
its  appointed  shape  by  the  shortest  route."  It  is  this  shoi-tened 
or  direct  mode  of  development  that  must  be  held  to  explain  the 
early  appeai'ance  of  the  ducts.  But  the  question  still  remains, 
how  it  is  that  in  the  case  of  the  ducts  their  development  is  by 
the  direct,  and  not  by  the  indirect  mode.  This  brings  us  back 
to  Mr  Spencers  question:  "How  comes  the  direct  mode  of 
development  to  have  been  substituted  for  the  indirect?"  It 
will  here  be  necessary  to  resume  the  quotation  from  Mr  Spencer. 

"Supposing  it  were  possible  for  a  race  of  organisms  to  have 
continued  propagating  itself  through  an  indefinitely  long  period 
without  any  change  of  conditions  necessitating  change  of  struc* 
ture;  there  would  be  reached  so  complete  a  congruity  between 
the  organic  aggregate  and  its  physiological  units,  that  the  units 
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would  arrange  themselves  directly  into  a  structure  like  that  of 
the  adult  organism :  the  germ  would  put  on  the  proper  charac- 
ters of  the  species  with  little  or  no  transposition  of  substance. 
But  in  the  absence  of  any  such  constancy  of  conditions  and 
structure,  what  may  we  expect?  We  may  expect  that  where 
the  conditions  and  structure  have  been  most  constant,  the  mode 
of  development  will  be  the  most  direct;  and  that  it  will  be  the 
most  indirect  where  there  have  been  the  greatest  and  most 
numerous  changes  in  the  habits  and  structures  of  ancestral 
races  of  organisms.. ..Between  different  parts  in  the  same  em* 
bryo,  there  are  unlikenesses  in  the  method  of  formation,  which 
seem  to  have  kindred  meanings." 

The  former  part  of  Mr  Spencer's  argument  was  made  to 
apply  to  different  parts  of  the  same  organ,  and  it  will  now  be 
seen  how  the  reasoning  of  the  last  quotation  applies  to  the 
different  modes  of  development  within  the  mamma. 

Comparing  the  parts  of  the  mature  mamma  with  one 
another,  the  ducts  are  those  parts  that  exist  throughout  the  life 
of  the  individual  "without  any  change  of  conditions  necessita- 
tiug  change  of  structure;"  whereas  the  secretory  activity  of  the 
gland  depends  on  constant  changes  in  the  cells  of  the  acini. 
This  fact  cannot  be  better  illustrated  than  by  reference  to  the 
periodical  processes  of  "involution"  and  "evolution"  to  which 
the  mamma  is  liable.  In  those  processes  the  ducts  alone  con- 
tinue as  they  were  during  the  state  of  active  lactation ;  the 
whole  processes  of  upfolding  and  unfolding  take  place  in  the 
acini  or  true  secreting  parts  of  the  gland.  The  ducts  play  a 
purely  mechanical  part,  and  they  remain  unchanged  from  the 
time  that  their  development  was  completed  throughout  the 
whole  lifetime  of  the  animal  According  to  Mr  Spencer's  argu- 
ment as  extended,  it  is  under  such  circumstances  as  these  that 
the  direct  mode  of  development  is  substituted  for  the  indirect; 
and  it  would  appear  to  be  in  accordance  with  this  principle  that 
the  ducts  of  the  mamma^  though  they  are  additions  to  the  pri- 
mitive mamma  and  acquired  comparatively  late  in  the  succes- 
sion of  mammalian  animals,  are  in  the  individual  higher  mam- 
malian developed  from  the  matrix-tissue  of  the  gland  before  the 
secreting  structure  itself.  To  borrow  Mr  Spencer's  illustration  of 
a  new  town  in  the  United  States,  the  ducts  of  the  breast  are  like 
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the  roads  that  are  laid  down  before  any  houses  are  built  by  the 
side  of  them.  In  the  primitive  state  of  a  community,  however, 
dwellings  were  first  erected,  and  afterwards  paths  were  struck 
out  between  them;  and  in  the  primitive  condition  of  the  breast» 
the  secroting  follicles  of  the  gland  existed  first,  and  these  were 
gradually  connected  together  by  a  system  of  ducts. 

The  conclusions  of  the  first  part  of  this  inquiry  are : 

(1)  That  the  mammary  acini  of  the  guinea-pig  develope 
at  many  separate  points  in  a  matrix-tissue;  that  the  embryonic 
cells^  from  which  they  develope,  are  of  the  same  kind  that  give 
origin  to  the  surrounding  fat-tissue;  and  that  the  process  of 
development  of  the  mammary  acini  is  step  for  step  the  same 
as  that  of  the  fat-lobules. 

(2)  That  the  duicts  of  the  mamma  develope  from  the  same 
matrix-tissue  by  direct  aggregation  of  the  embryonic  cells 
along  predetermined  lines;  that  the  ducts  develope  in  the 
individual  guinea-pig  before  the  acini,  whereas  in  the  phylo- 
genetic  succession  the  ducts  are  a  later  acquisition;  and 
that  this  reversal  of  the  order  of  acquisition  of  parts  is  in 
accordance  with  the  principle  stated  by  Mr  Herbert  Spencer 
that,  under  certain  circumstances,  the  direct  mode  of  develop- 
ment tends  to  be  substituted  for  the  indirect. 

Having  thus  far  described  the  mode  of  development  of  the 
mammary  structure,  it  remains  to  treat  of  the  development  of 
the  mammary  function.  The  development  of  the  function,  in 
the  largest  sense  of  the  term,  means  the  acquisition  of  the 
mamma  as  a  mammalian  characteristic,  and  this  important 
matter  cannot  be  gone  into  until  the  question  of  the  homology 
of  the  mamma  has  been  discussed.  The  homology  of  the 
mamma  is  a  subject  large  enough  for  a  separate  inquiry ;  but 
there  are  certain  obvious  inferences  from  the  foregoing  his* 
tological  facts,  and  certain  elementaiy  facts  in  the  comparative 
anatomy,  which  may  be  summarily  stated  here. 

The  homologue'of  the  mamma  is  not  a  cutaneous  gland^ 
or,  at  any  rate,  it  is  not  a  recess  of  the  ectoderm ;  but  it  is  a 
fat-body.  The  homology  of  the  mamma  is  thus  placed  on  a 
mudh  wider  basis.  The  mammary  glands  of  the  OrniOuyrhyn* 
chvs   and  Echidna  may  be    regarded   with  equal  justice  as 
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secreting  glands  or  as  fat-bodies.     From  the  observations  of 
Mr  G.  Bennett \  made  in  Australia,  there  can  be  no  doubt 
that  the  gland  of  the  duck-bill  does  secrete  a  milky  fluid  at 
a  particular  season,  although  the  information  on  this  subject 
is  by  no  means  full.    Thus,  with  respect  to  a  particular  case, 
Mr  Bennett  writes :  "  This  female  had  evidently  just  produced 
her  young... The  mammary  glands  on  each  side  were  very 
large ;  but  it  is  a  curious  and  rather  an  interesting  circumstance 
in  the  ceconomy  of  this  animal,  that  after  having  been  shot, 
no  milk  could  be  expressed  from  the  glands.    This  was  the 
more  surprising  to  me,  as  the  glands  were  very  vascular  on 
the  surface,  the  mammary  artery  ramifying  over  them  in  a 
most  beautiful  and  distinct  manner.     The  fur  still  covered  that 
portion  of  the  integument  on   which  the   ducts   terminated, 
and  there  was  no  appearance  of  a  projecting  nipple."     But,  io 
other   cases,  Mr  Bennett   has  ''seen  the  milk  exuding  from 
the  ducts  upon  the  integument"    The  full  expansion  of  the 
organ  is  found  only  in  the  animals  shot  about  the  month  of 
December,  which  appears  to  be  the  season  of  fertility ;  speci* 
mens  shot  in  August  had  the  gland  in  a  greatly  contracted 
state,  and  in  most  of  the  specimens  that  reach  this  country 
the  gland  is  in  its  extreme  ''  involuted  '*  condition,  and  so  small 
as  almost  to  escape  notice.     In  that  condition  of  the  gland 
the  follicles  are  small  oat-shaped  bodies  of  a  brown  colour, 
arranged  in  the  form  of  a  fan  and  connected  to  the  skin  by 
somewhat  elongated  solid  necks  less  than  a  line  thick.    The 
area  of  skin  to  which  the  follicles  converge  is  about  half  an  inch 
long  and  about  an  eighth  broad.     When  the  hair  is  scraped 
clean  from  this  surface  of  skin,  not  a  single  trace  of  pores  or 
orifices  of  the  ducts  can  be  discovered,  even  with  a  magnifying 
glass;   and  it  is  probable  that  the  openings  by  which  the 
secretion  exudes  are  not  permanent  passages,  but  called  into 
existence  only  when  the  gland  is  in  its  active  state.     The 
gland  might  therefore  be  compared  to  one  of  those  fat-bodies 
that  undergo  expansion  from  season  to  season,  with  this  differ- 
ence, that  the  fluid  contents  of  the  cells  And  their  way  out  of  the 
follicles  and  through  the  skin  when  the  expansion  or  the  internal 
pressure  is  at  its  height.  Another  curious  point  of  resemblance  to 
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the  fai-bodies  is  as  follows.  The  browu  colour  of  the  shrunken 
follicles  in  the  Orniihorhj/nchus  depends  on  the  presence  of  brown 
pigment  in  the  individual  cells.  Each  follicle  is  divided  into  a 
large  number  of  somewhat  rectangular  or  lozenge- shaped  com- 
partments, and  each  of  these  small  spaces  contains  several 
round  granular  cells  filled  with  brown  pigment.  The  necks  of 
the  shrunken  follicles  are  filled  also  with  the  brown  pigmented 
cells.  When  these  follicles  expand,  the  compartments  have 
become  very  much  larger,  and  they  contain,  not  a  few  granular 
pigmented  cells,  but  an  immense  number  of  vesiculated  cells 
occupying  the  entire  space,  or  coming  into  view  at  various 
depths,  and  packed  together  in  the  same  way  as  the  cells 
of  fat-tissue  are  packed.  These  vesicles  are  not  all  of  the  same 
size;  most  of  them  are  much  smaller  than  the  ordinary  fat-cells, 
but  some  of  them  are  almost  as  large.  This  appearance  can 
be  seen  in  the  expanded  gland  of  the  Echidna.  Now  these 
differences  between  the  restiog  state  and  the  active  state  of 
the  gland  are  precisely  the  differences,  as  regards  the  individual 
cell,  between  the  fat-bodies  in  their  winter  condition  and  in 
their  spring  or  sexual  condition.  The  cells  of  ihe  winter  fat- 
body,  or  the  so-called  atrophied  fat-^^ells,  are  also  found,  in 
some  cases  at  least,  as  round  granular  cells  containing  a 
brownish  pigment,  whereas  the  greatly  expanded  fat-body  con- 
sists of  lobules  of  ordinary  fat-tissue. 

Another  direction  in  which  the  homology  may  be  pur- 
sued is  the  following.  The  mammary  gland  is  found  only  in 
the  female  Omithai-hifnchus  and  Echidna.  But  the  males  of 
the  Ornithorhynchus  and  Echidna  have  also  a  gland  peculiar 
to  them,  which  resembles  the  mamma  in  being  a  sexual  gland, 
and  in  being  subject  to  periods  of  expansion  and  functional 
activity  from  season  to  season.  This  gland  is  the  glandula 
femoralis,  situated  on  each  side  on  the  back  of  the  thigh, 
and  discharging  by  a  long  duct  which  runs  down  the  leg  and 
opens  on  the  plantar  aspect  at  the  ''  spur."  There  is  a  certain 
probability  of  this  gland  being  the  homologue  of  the  female 
gland,  and  when  the  very  singular  differences  between  the 
mammsB  in  the  male  and  female  cetaceans  are  observed,  this 
probability  becomes  much  stronger.  I  am  indebted  to  Pro- 
fessor Flower  for  pointing  out  to  me  tbe  peculiarity  of  the 
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mamma  in  the  male  porpoise,  as  shown  in  preparations  made 
by  himself.  Instead  of  there  being  a  pair  of  ducts,  one  on 
each  side,  as  in  the  femaloi  there  is  only  one  duct  which  opens 
by  a  round  pore  without  9k  nipple  in  the  middle  line  of  the 
body  at  a  point  much  farther  back  than  in  the  female.  Now, 
by  those  two  circumstances^  the  singleness  of  the  duct  and 
its  caudal  position,  the  mamma  of  the  male  porpoise  is  brought 
within  reach  of  comparison  with  the  femoral  gland  of  the 
male  duck-bill.  This  is  nothing  more  than  a  curious  suggestion ; 
but  if  the  porpoise  be  represented  with  a  pair  of  hind4imba, 
the  single  duct  of  the  male  mamma  opening  in  the  middle  line 
far  back  on  the  ventral  surface  would  then  be  represented  by 
a  pair  of  ducts  going  with  the  limbs,  and  that  is  exactly  the 
condition  in  the  male  duck^'bill. 

The  glandida  femoraUa  of  the  male  animal  is  a  gland  of 
more  complex  stinicture  than  the  mamma  of  the  female,  not 
only  as  regards  its  duct  but  also  as  regards  its  parenchyma; 
it  is  higher  than  the  female  gland  in  much  the  same  degree 
that  the  cetacean  mamma  is  higher  than  the  mamma  of  the 
monotremes.  The  speculation  tliat  follows  is  to  be  taken  for 
what  it  is  worth.  If  the  gUmdtUa  feniorcUis  is  the  homologue 
of  the  mamma,  it  is  at  the  same  time  a  "  higher ''  gland  ;  and, 
according  to  modern  ideas,  it  may  be  said  to  have  been  ac- 
quired earlier.  It  therefore  follows  that  the  mamma  was  first 
acquired  by  the  male.  Now  that  conclusion  would  bring  the 
mamma  within  the  Darwinian  class  of  ''secondary  sexual 
characters "  acquired  by  sexual  selection.  Mr  Darwin,  indeed, 
has  excluded  the  mamma  from  that  category,  but  it  is  impossi* 
ble  to  avoid  thinking  that  Mr  Darwin's  reasons  for  this  exemp* 
tion  are  somewhat  arbitrary\  As  a  secondary  sexual  character, 
first  acquired  by  the  male,  the  mamma  would  be  classed  with  the 
accessory  sexual  structures,  such  as  the  scent  glands.  In  this 
way,  the  conflicting  opinions  that  arose  in  1826,  when  the  mamma 
of  the  female  Ornithorhynchus  was  first  described  by  J.  F.  Meckel, 
would  be  reconciled.  Meckel's  view,  that  the  gland  was  a 
true  mammary  gland,  was  opposed  by  Qeodroy  St  Hilaire^  who, 
from  an  independent  examination  of  it,  strongly  insisted  on 
its  follicular  type,  and  concluded  that  the  gland  was  "  analogous 
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rather  to  those  glands  for  the  secretion  of  a  lubricating  fluid, 
that  are  disposed  along  the  flanks  of  the  aquatic  reptiles 
and  fishes,  or  to  the  odoriferous  follicles  of  quadrupeds,  and 
especially  to  those  which  are  found  on  the  sides  of  the  abdomen 
in  shrewsV  Setting  aside  entirely  the  question  of  aualogy, 
as  relating  to  function,  it  may  be  reasonably  contended  that 
the  view  of  Qeoffroy  StHilaire  is  correct  as  a  view  of  homology ; 
and  facts  might  be  adduced  to  show  that  such  a  view  of  the 
homology  would  not  prejudice  the  doctrine  of  homology  already 
followed  out  along  an  independent  line,  viz.  that  the  homologue 
of  the  mamma  is  a  fat-body. 

Apart  from  such  considerations  on  the  homology  of  the 
mamma,  which  are  put  forward  purely  as  speculations  without 
the  necessary  support  of  details,  there  is  an  aspect  of  the 
development  of  the  mammary  function  which  can  be  conve- 
niently discussed  in  connexion  with  the  histological  details  of 
the  first  part  of  the  paper. 

In  a  previous  investigation*  on  the  physiological  processes 
of  the  mamma,  I  showed  that  the  gland,  in  its  periodical 
preparation,  or  "evolution**  during  each  pregnancy,  was 
continuing  all  the  time  to  perform  its  function  in  an  imperfect 
degree^  and  that  the  well-marked  law  of  cell-formation,  or 
cell-transformation,  that  obtained  during  the  imperfect  state 
of  the  gland's  activity,  was  also  the  cellular  law  of  the  function 
when  the  lactation  was  at  its  height  What  those  cellular 
changes  are,  will  be  found  described  in  great  detail  in  the 
paper  referred  to.  Now  the  developmental  changes  in  the 
embryo,  which  have  been  described,  are,  for  the  individual  cell, 
exactly  the  same  as  the  series  of  changes  during  each  periodical 
"  evolution,*'  The  regularly  recurring  periods  of  sexual'  excite- 
ment of  the  mamma  are  regular  repetitions  of  its  develop- 
mental process,  and  the  function  of  the  mamma  may  be  said 
to  be  a  sustained  repetition  of  its  development.  The  milk 
of  the  new-bom  guinea-pig  is  a  developmental  product,  de« 
rived  from  the  cells  of  the  acini  when  they  have  reached  the 
highest  point  of  their  development    The  vacuolated  or  fat* 

^  These  etatements  are  made  in  a  letter  pnblished  in  the  AnnaUt  de$ 
Sciencet  Naturelles,  ix.  467.  I  have  not  been  able  to  find  a  more  complete 
statement  of  M.  Qeoffroy's  views. 

•  Loe.  eit. 
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like  cells  shown  in  Fig.  1  burst  their  vacuoles  and  discharge 
the  fluid,  while  the  nuclei  of  the  cells  remain  over  as  the 
future  epithelium.  After  this  discharge  of  developmental  milk 
is  over,  the  acini  contract  their  circuit  very  much,  and  in 
the  primiparous  guinea-pig,  at  the  beginning  of  pregnancy, 
they  are  found  as  small  round  spaces  containing  a  few  nuclear 
cells.  As  the  pregnancy  advances,  the  "evolution"  of  the 
now  mature  gland  proceeds.  This  process  I  have  already 
minutely  described  elsewhere,  and  it  must  suffice  to  mention 
here  that  the  end  of  the  process  again  finds  the  acini  of  the 
gland  enlarged  and  occupied  with  vacuolated  cells.  The  vacuo- 
lation  process  of  the  epithelium  is  the  process  by  which  the 
milk  is  formed  all  through  the  lactation  period.  The  lactation 
is  a  continuauce  of  the  periodical  sexual  excitement  of  the 
gland  at  its  highest  point.  The  secretory  process  is  thus 
parallel  with  the  developmental  process.  If  secretion  were  an 
end  in  itself,  that  parallelism  might  not  signify  much.  But 
the  development  is  the  ultimate  fact;  and  it  is  so  far  an 
explanation  of  the  secretion  to  find  that  it  consists  in  a  repe-> 
tition  of  those  cellular  changes  which  the  cells  of  the  part 
went  through  in  their  development. 


EXPLANATION   OP  PLATE. 

Fig,  I.  Section  from  the  mamma  of  a  gninearpig  fonr  daTS  old. 
A  rounded  or  pyriform  lobule  made  up  of  a  large  number  oiP  adni 
the  cavities  of  which  are  distended  with  vacuolated  cells.  Nuclei  are 
to  be  seen  among  the  vacuolated  cells  at  various  depths,     x  300. 

Fig.  2.  Section  from  the  mamma  of  a  foetal  guinea  pig  about  three 
weeks  before  birth.  System  of  ducts  surrounded  bv  embryonic  tissue. 
X  300. 

'-  Fig.  3.  A.  From  the  gelatinous  tissue  in  the  ipguinal  region  of  a 
foetal  kitten  2^  inches  long.  In  the  middle  of  the  figure  a  small  group  of 
the  embrvonic  cells  undergoing  chanses  to  become  fat-cella     x  300. 

B.  From  the  gland-like  tissue  in  the  same  region  of  a  foetal  kitten 
3^  inches  long.    Later  stage  of  the  fat-lobule,     x  300. 

C.  From  the  fully  developed  fat-body  in  the  inguinal  region  of  a 
new-bom  kitten.  A  small  lobule  of  the  fat-body,  showing  the  vacuolated 
condition  of  the  cells,     x  300. 

Fig.  4.    From  the  mammse  of  new-born  gninea  pigs,     x  about  600. 

A.  Group  of  four  cells  in  the  embryonic  tissue  at  the  side  of  a  duct. 
The  earli<«t  appearance  of  an  acinus. 

B.  Similar  group  showing  a  later  stage  of  the  acinus. 

^  C,  The  upper  part  of  the  figure  shows  two  acini  developing  in  the 
midst  of  a  tract  of  embryonic  tissue.  Several  of  the  cells  extenaivelv 
vacuohited. 
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SOME  GENERAL  OBSERVATIONS  ON  THE  PLA- 
CENTA, WITH  ESPECIAL  REFERENCE  TO  THE 
THEORY  OF  EVOLUTION.    By  PROFESSoa  Turner, 

(The  following  observations  formed  the  conclusion  of  my  2nd  seriea 
of  Lectures  "On  the  Comparative  Anatomy  of  the  Placenta,"  delivered 
in  June,  1876,  in  the  Theatre  of  the  Rojal  College  of  Surgeons  of 
England.) 

From  the  description  which  I  have  now  given  of  the  diffused, 
the  polycotyledonary,  the  zonary*,  the  dome-shaped  and  the 
discoid  forms  of  placenta^  we  are  in  a  position  to  pass  briefly  in 
review  the  structure  of  the  principal  examples,  with  the  view  of 
ascertaining  if  the  organ  presents  different  types  of  structure  in 
different  mammals,  or  if  the  entire  series  of  placeDtse  are  con- 
structed on  such  a  uniform  plan  as  would  justify  one  in  con- 
ceiving that  the  several  structural  modifications  could  have 
been  evolved  out  of  a  simple  fundamental  form. 

At  the  outset  we  may  state  that  the  presence  of  certain 
structures  seems  to  be  necessary  for  the  performance  of  the 
functions  of  a  placenta,  and  the  most  simple  arrangement  of 
these  structures  would  constitute  a  placenta  in  its  most  general- 
ized form.  The  fundamental  condition  of  the  fcBtal  part  of 
the  placenta  would  be  a  smooth  plane-surfaced  vascular  mem- 
brane, covered  by  a  layer  of  pavement  epithelium.  The  fun- 
damental condition  of  the  maternal  placenta  would  be  a  smooth 
plane-surfaced  vascular  membrane  covered  by  a  layer  of  colum- 
nar epithelium.  The  two  membranes  would  be  parallel  to  and 
in  apposition  with  each  other,  the  foetal  epithelium  being  in 

^  See  this  Journal^  Oct.  1875,  for  an  accoant  of  the  diffused,  polycotyledonary 
and  senary  plaoentie ;  alBO,  and  more  in  detaU,  my  publinhed  Leeturei  on  the 
Comparative  Anatomy  of  the  Pla^enta^  1st  series,  Edinbargb,  1876.  I  described 
the  dome-shaped  placenta  of  the  Sloth  in  Trans.  Roy.  8oc.  Edinburgh,  1873; 
bnt  the  detailed  account  of  the  discoid  placenta  has  not  yet  been  printed.  I 
haTe  not  thought  it  necessary  in  this  place  to  enter  into  the  question  of  the  re- 
lation of  the  utricular  glands  to  the  uterine  crypts,  and  to  the  chorion,  as  I 
have,  in  my  1st  series  of  Lectures,  expressed  my  opinion  on  this  matter. 
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contact  with  the  maternal  epithelium,  so  that  the  foetal  capil- 
laries would  be  separated  from  the  maternal  capillaries  by  the 
two  apposed  layers  of  epithelium.  This  arrangement  would 
occupy  the  whole  of  the  surface  of  the  chorion  for  the  foetid 
placenta,  and  the  whole  of  the  uterine  mucous  membrane  for 
the  maternal  placenta  (fig.  1). 

The  diffused  placenta  of  the  common  Pig  presents  the  least 
departure  from  this  generalized  form.  The  evidence  of  special- 
ization consists  in  the  formation  of  ridges  and  short  simple 
villi  on  the  surface  of  the  foetal  chorion,  and  the  coincident 
production  of  shallow  simple  depressions  or  crypts  in  the  ute- 
rine mucous  membrane.  The  two  epithelia  preserve  their  fun- 
damental form  and  relative  position,  and  the  foetal  and  maternal 
vessels  continue  of  the  size  of  ordinary  capillaries.  In  this 
animal  the  villi  and  crypts  are  not  diffused  over  the  whole  of 
the  chorion  and  uterine  mucous  membrane;  the  polar  portions 
of  which  are  smooth,  but  preserve  their  vascularity  (fig.  2). 

In  the  diffused  placenta  of  the  Mare,  the  Cetacea,  and  the 
Lemurs,  a  somewhat  more  complicated,  and  more  highly  special- 
ized arrangement  exists.  The  short  villi  of  the  chorion  give 
origin  to  simple  microscopic  offshoots,  and  the  uterine  ciypts 
are  divided  into  minute  compartments  for  their  reception,  so 
that  each  villous  tuft,  with  the  corresponding  depression  in  the 
mucosa,  forms  a  microscopic  cotyledon.  The  two  sets  of  vessels 
preserve  their  capillary  size,  and  the  epithelia  their  relative  po- 
sitions; though  the  maternal  epithelium  may  have  undergone 
some  modification  in  shape. 

In  the  polycotyledonary  placenta  of  the  Ruminants,  a  still 
more  specialized  disposition  exists.  The  villi  are  considerably 
elongated  and  give  origin  to  numerous  branches,  and  at  the 
same  time  the  uterine  crypts  are  deepened  into  pits,  from  which 
shallow  compartments  proceed,  for  the  reception  of  the  long 
many-branched  villi.  From  the  aggregation  of  a  number  of 
these  into  definite  masses  the  large  cotyledons  arise,  which  one 
is  familiar  with  in  the  placenta  of  the  Cow,  Sheep,  and  other 
typical  Ruminants.  The  foetal  and  maternal  vessels  possess  the 
size  of  ordinary  capillaries,  and  the  epithelia  retain  their  funda- 
mental relations  to  each  other,  though  the  maternal  epithelium 
has  not  unfrequently  lost  i(^s  columnar  form  (fig.  3).    The  inter- 


THE  PLACENTA  AND  THE  THEORY  OF  EVOLUTION.        35 

ootyledonary  parts,  of  the  chorion  and  .uterine  mucosa,  as  is  the 
case  in  most  Ruminants,  are  smooth,  though  retaining  their 
vascalarity  and  epithelial  covered  surfaces ;  but  in  the  Giraffe, 
not  only  are  smaller  cotyledons,  sometimes  not  more  than  two 
lines  in  diameter,  developed  in  the  interspaces  between  the 
normal  cotyledons,  but  short  villi  spring  from  the  external  sur- 
face of  the  chorion  either  singly,  or  in  rows  and  clusters. 

Another  specialization  is  met  with  in  the  zonary  placenta, 
in  which  the  villi  assume  a  sinuous  form  and  give  rise  to  broad 
lateral  o£&hoots,  or  perhaps  branch  in  an  arborescent  manner. 
In  correlation  with  these  modes  of  arrangement  of  the  villi, 
the  uterine  mucosa  assumes  the  form  of  complex  sinuous  folds, 
or  it  becomes  divided  into  a  microscopic  trabecular  frame-work, 
in  the  meshes  of  which  the  villi  are  lodged.  The  maternal 
epithelium  may  possess  a  well-marked  columnar  form  as  in  the 
Seal  and  Fox;  or  it  may  be  stunted  and  rectangular,  as  in  the 
Cat;  and  the  maternal  vessels,  instead  of  forming  ordinary 
capillaries,  may  dilate  into  vessels  two,  three,  or  four  times  as 
large  as  the  fcetal  capillaries.  In  these  placentas  the  dilated 
maternal  blood-vessels,  invested  by  the  maternal  epithelium,  lie 
amidst  groups  of  villi  (figs.  4,  5).  Hence  each  maternal  blood- 
vessel, with  its  epithelial  investment,  is  in  relation  not  to  a 
single  villus,  as  is  the  case  in  the  diffused  and  polycotyledonary 
placentas,  but  to  the  several  villi  which  surround  it  Although 
the  subdivision  of  the  maternal  mucosa  into  trabeculse  causes 
it  to  lose  the  regular  crypt-like  arrangement  of  the  diffused 
and  polycotyledonary  placentae,  yet  the  relative  position  of  the 
several  structures  remains  the  same,  and  the  foetal  and  ma- 
ternal blood-vessels  are  separated  from  each  other  by  the  layers 
of  epithelium. 

Another  specialization  is  met  with  in  the  dome-shaped  pla* 
centa  of  the  Sloth,  in  which  the  maternal  vessels  are  even  more 
dilated  than  in  the  zonary  placenta.  They  possess  a  serpentine 
course,  and  wind  in  and  out  between  the  villi.  The  maternal 
epithelium,  which  lies  in  close  relation  to  the  exterior  of  the 
maternal  blood-vessel,  is  not  columnar  in  form,  but  consists  of 
polygonal  flattened  cells  (fig.  6).  The  tortuous  arrangement  of 
the  dilated  vessels  of  the  uterine  mucosa  obscures  the  crypt-like 
character  of  the  depressions  in  which  the  villi  are  lodged,  but 
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parts.    P  tbe  fcetol,     M  the  maternal  placeota. 
t'  epithelinm  of  mateniBl  placenta.     A  fmtal  blood-i 
Teasels,    n  Tillae. 

Fig.  I.     Btruotnre  ol  placenta  of  a  Pig. 

FiR.  3.     Placenta  in  its  most  generaliied  foim. 

Fi(t.  S.    Slructara  of  plaoeala  of  a  Coir. 

JTig.  4.    Stractnre  of  placenta  of  a  Fox. 


«   epitb 
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Fig.  6.    StroctDie  ot  pUoenta  ot »  Cat. 

Fig.  6.  StrnetoM  of  pUoeute  of  k  Blotb.  On  Um  right  tdde  d  the  fignn  tlu 
flftt  mtlfvatl  apitheliKl  >«b1m  ue  ihown  in  tita.  On  the  left  aide  thaj  ura 
jwmored,  and  ue  dilated  nutenud  tmmI  with  it*  blood-oorpniolea  ia  expoMd. 

Fig.  7.  Btmotnre  ol  Hiunan  ^ac«nta.  In  addition  to  the  letteia  alreadj 
teterred  to,  dt,  d»,  rapraient  the  deoidoa  Mrotina  ol  tlie  plaoenta ;  (,  t  trabBcnl* 
ot  aerotina  paaeiDg  to  the  festal  villi ;  ca  sorling  artei? ;  tip  Otero- phoental 
TSin ;  X  a  prolongation  of  m&tamal  tigma  on  the  exterior  of  the  Tillni  ontidde 
the  oellnlsi'  lajer  ^,  irbkb  may  repreaent  either  the  endothelimn  ot  the  maternal 
Uood-Teieel,  or  dijioate  oonueatiTe  tiisae  belonging  to  the  Mrotina,  ni  both. 
The  layer  e*  repreaente  maternal  oells  deriTed  from  the  serotina.  The  layer  ol 
total  epithelinm  cannot  be  teen  on  the  villi  of  the  folly  formed  hnman  plaMiitB. 

The  diagrama  were  dntwn  on  wood  by  mj  aaaiatant,  Dr  J.  H.  BootL 
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the  relative  positioD  of  the  constituent  structures  is  the  same  as 
in  other  forms  of  placental 

In  the  discoid  Human  placenta  a  more  highly  specialized 
arrangement  exists.  The  maternal  vessels  in  the  substance  of 
the  placenta  have  not  only  lost  their  tubular  cylindrical  form, 
but  have  become  expanded  into  a  freely  communicating  series 
of  irregular,  cavernous,  intra-placental  sinuses,  so  that  their  deri- 
vation from  the  vessels  of  the  non-gravid  mucosa  is,  at  the  first 
sights  difficult  to  recognize.  The  maternal  epithelium  has  also 
undergone  a  remarkable  change  in  its  shape  and  connections, 
though  not  in  its  relative  position.  It  has  become  somewhat 
flattened  and  rectangular  in  shape,  and  so  fused  with  the  sur- 
face of  the  fcetal  villi  as  to  form  a  cellular  investment  for  them, 
and  to  be  usually  regarded  as  a  part  of  their  structura  At  the 
same  time  the  proper  foetal  epithelial  covering  of  the  villus 
ceases  to  be  recognisable  in  the  fully  formed  Human  placenta^ 
All  evidence  of  crypt-like  depressions  in  the  maternal  part  of 
the  placenta  for  the  lodgment  of  the  villi  has  completely  disap- 
peared. The  villi,  invested  by  the  layer  of  maternal  cells, 
sometimes  hang  free  in  the  irregularly  dilated  intra-placental 
maternal  sinuses;  though  at  other  times  they  are  anchored  to 
the  layer  of  modified  uterine  mucosa^  named  decidua  serotina^ 
which  walls  in  the  placenta  on  the  uterine  aspect,  by  slender 
trabecular  prolongations  of  the  serotina.  Notwithstanding  these 
modifications  in  the  structural  arrangements,  the  relative  po* 
sition  of  the  foetal  and  maternal  vascular  systems  is  the  same  as 
in  the  least  specialized  forms  of  placenta  (fig.  7). 

The  different  varieties  of  the  placenta  met  with  in  mammals 


^  When  I  ^FTote  in  1S78  (Trans.  Rou.  8oc.  Edinburgh,  1878)  my  memoir  on 
the  Plaoentation  of  the  Sloths,  I  had  not  then  recognised  the  presenee  of  a 
layer  of  cells  situated  hefween  the  dilated  maternal  bloml-yessels  and  the  tUU  of 
the  chorion,  and  belonging  to  the  uterine  or  maternal  part  of  the  placenta.  The 
observations  whioh  I  have  since  that  time  made  on  the  placenta  in  Tarions 
-animals,  more  especially  in  the  Camiv{>ra  and  Pinnipedia^  and  the  recognition  in 
the  mammalia  generally  of  a  layer  of  maternal  epithelinm  interposed  between 
the  maternal*  blood-yessels  and  the  chorion,  haye  led  me  to  re-inyestigate  the 
Sloth*s  placenta  with  especial  reference  to  this  question.  As  the  result  of  my 
enquiries  I  have  found  a  layer  of  flattened,  polygonal  cells,  in  dose  apposition 
to  each  other  by  their  margins,  lying  on  the  dilated  maternal  blood-yessels,  and 
interposed  between  them  and  the  villous  chorion.  These  cells  occupy  therefore 
the  same  relatiye  position  as  the  columnar  epithelium  in  the  placenta  of  the 
Pig,  Fox  or  Seal,  but  ^m  the  thinnees  of  the  layer  do  not  so  easily  attract  at- 
tention. 
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all  possess  the  structural  characters  of  the  common  or  funda- 
mental type-form,  and  may  be  conceived  as  having  been 
evolved  out  of  this  simple  type  by  slight  modifications  in 
arrangement.  The  process  of  evolution  would  be  effected  by 
the  assumption  of  a  greater  extent  of  complexity  in  the  foldings, 
on  the  one  hand  of  the  villous  chorion,  on  the  other  hand  of  the 
uterine  mucous  membrane,  with,  in  addition,  in  some  placentsa, 
modifications  in  the  relative  size  of  the  maternal  blood-vessek 
and  in  the  form  of  the  maternal  epithelial  cells.  The  foetal  vessels 
always  remain  of  ordinary  capillary  size,  and  the  squamous 
epithelial  covering  of  the  villi  may  either  persist,  or  become  so 
obscured  as  the  interlocking  of  the  foetal  and  maternal  parts 
of  the  placenta  progresses,  that  it  cannot  be  recognised  as  a 
separate  layer.  The  various  forms  of  diffused  placenta  present 
the  smallest  amount  of  departure  from  the  fundamental  type, 
whilst  the  discoid  human  placenta  is  the  most  highly  specialized. 

It  is  to  be  observed  that  a  correspondence  in  external  form 
between  different  placenta  by  no  means  indicates  an  exact 
accordance  in  the  minute  structure  of  their  constituent  parts. 
For  whilst  the  discoid  Human  placenta  has  its  intra-placental 
maternal  vessels  so  modified  that  all  trace  of  their  original 
tubular,  capillary  form  has  completely  disappeared,  in  the 
discoid  placenta  of  the  Rabbit  and  Quinea-pig  they  retain  the 
capillary  character,  though  in  the  part  of  the  placenta  which 
lies  next  the  wall  of  the  uterus  they  present  a  considerable 
extent  of  dilatation.  Though  the  placenta  in  Orycteropm  has, 
like  the  Camivora  and  Pinnipedia,  a  zonary  form,  its  fcetal 
and  maternal  portions  may  be  so  easily  separated  from  each 
other,  that  it  would  seem  to  be  referrible  to  the  non-deciduate 
group  of  placentae,  and  not,  as  is  the  case  with  the  Seals  and 
Oumivores,  to  the  dedduata. 

Throughout  the  whole  series  of  placenta  there  is  interposed 
between  the  vascular  chorion  of  the  foetus  and  the  materoal 
blood-vessels — ^whether  those  blood-vessels  be  simple  capillaries, 
dilated  capillaries,  or  irregular  cavernous  spaces-— a  layer  of 
cells,  which  is  in  close  relation  to  the  maternal  blood-vessels. 
They  constitute,  or  are  derived  from,  the  epithelium  of  the 
uterine  mucous  membrane,  and  belong  to  the  maternal  part  of 
the  placenta.    They  sometimes  retain  the  fundamental  columnar 
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form,  but  not  unfrequently  are  modified  in  shape.  Tbis  cell- 
layer  is,  I  believe,  a  layer  of  secreting  epithelium  destined  to 
elaborate  material  from  the  maternal  blood  for  the  nutrition  of 
the  foetus. 

But  whilst  the  structure  of  the  placenta  in  different  mam- 
mals is  so  uniform  in  its  main  features,  that  the  possibility  of 
an  evolution  of  the  more  complex  from  the  more  simple  forms 
is  quite  conceivable,  the  anatomical  structure  does  not  favour 
the  supposition  that  the  evolution  has  gone  on  as  a  continuous 
process  from  the  diffused,  through  the  polycotyledonary,  zonary 
and  dome -shaped  group-forms,  until  at  length  the  highly 
specialized  discoid  placenta  of  Monkeys  and  of  Man  has  been 
produced.  There  is  indeed  no  difficulty  in  conceiving  the 
evolution  of  a  polycotyledonary  placenta  out  of  a  diffused, 
through  the  atrophy  of  villi  and  crypts  on  some  portions  of  the 
ehorionic  and  uterine  surfaces  and  their  increased  development 
on  others,  but  the  evidence  is  against  the  view,  that  the  zonary 
has  been  Solved  out  of  the  polycotyledonaiy  and  the  discoid 
out  of  the  zonary.  In  the  zonary  placenta  the  villi  and  crypts, 
notwithstanding  their  specialized  form,  are  yet  diffused  over  the 
area  of  the  placental  girdle,  whilst  the  poles  are  smooth.  As 
smoothness  of  the  poles  of  the  chorion  exists  also  to  a  greater  or 
less  degree  in  most  examples  of  the  diffused  placenta,  it  would 
seem  as  if  the  evolution  of  the  zonary  had  been  directly  from 
the  diffused,  through  the  occurrence  of  a  more  extensive  atrophy, 
in  the  polar  regions,  in  conjunction  with  certain  specializations  in 
the  equatorial  zone ;  and  the  placenta  of  Orycteropus^  would  ap- 
pear to  present  a  titinsition  between  the  more  characteristic  ex- 
amples of  the  diffused  and  zonary  forms.  That  the  discoid  placenta 
has  been  evolved  out  of  the  zonary  or  the  dome-shaped  is  also 
very  improbable,  for  the  latter  group-forms  exhibit  in  some  tear 
tures  of  structure  a  greater  extent  of  specialization  than  the 
discoid  placenta  does  in  certain  animals.  Thus  dilated  maternal 
capillaries  occur  throughout  the  placenta  in  the  Seals,  Carnivores 
and  Sloths,  and  form  a  more  highly  specialized  condition  of  the 
vessels  of  the  maternal  placenta  than  exists  in  the  discoid 
placenta  of  the  Rabbit  and  Guinea-pig,  in  which  the  dilatation 
of  the  maternal  vessels  appears  to  be  limited  to  the  part  of  the 

»  TMb  Journal,  July,  1876,  p.  698. 
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placenta  which  lies  next  the  wall  of  the  uterus,  and  not  to  be 
general  throaghout  the  entire  oigan.  In  some  other  features 
of  structure,  however,  the  placenta  of  the  Rabbit  or  Quinea- 
pig  is  more  highly  specialized  than  is  the  zonary  placenta.  It 
seems  to  me  therefore  much  more  probable,  if  the  several  forms 
of  placenta  have  been  produced  by  a  process  of  evolution, 
that  they  have  arisen  from  some  common  fundamental  form,  the 
closest  existing  representative  of  which  is  the  diffused  placenta, 
rather  than  that  the  evolution  has  been  in  a  continuous  series 
through  the  various  group-forms.  This  conclusion  is  supported  by 
the  well-known  fact  that  in  the  highly  specialized  Human  pla- 
centa the  villi  of  the  chorion  in  an  early  stage  of  development  are 
diflfused  over  the  whole  of  its  surface,  and  between  this  stage 
and  the  final  discoid  condition  they  never  assume  either  the 
polycotyledonary  or  zonaiy  mode  of  arrangement  Hence  eveiy 
Human  placenta^  during  its  own  development,  illustrates  the 
direct  evolution  of  the  discoid  out  of  the  diffused  arrangement. 

A&  I  described,  in  my  last  year's  course  of  lectures  on  the  pla- 
centa\  the  various  gradations  as  regards  deciduation  and  non- 
deciduation  during  the  act  of  parturition  exhibited  by  the  zonary, 
polycotyledonary,  and  diffused  forms  of  placenta,  I  need  not  dwell 
further  on  them  on  this  occasion.  With  regard  to  the  dome-shaped 
placenta,  in  the  Sloth  it  is  undoubtedly  deciduate,  though  in  the 
Myrmecophagidcd  its  condition  has  not  yet  been  precisely  ascer- 
tained. The  several  examples  of  discoid  placenta,  so  far  as 
they  have  been  studied,  also  furnish  well-marked  examples  of 
the  deciduate  placenta. 

Though  we  are  enabled,  by  the  study  of  the  structure  of  the 
placenta  in  different  mammals,  to  conceive  how,  by  com- 
paratively slight  modifications  in  the  arraogement  of  the  foetal 
and  maternal  parts  of  the  organ,  a  highly  specialized  placenta 
may  have  been  evolved  out  of  a  simple  and  more  generalized 
form,  the  question  of  what  it  was  that  induced  this  evolution  to 
take  place  is  one  of  much  greater  difficulty,  and  in  the  present 
state  of  biological  science  impossible  to  solve. 

There  can  be  little  doubt  that  organisms  may  become 
modified  by  the  direct  action  of  surrounding  agencies,  and 

1  See  my  pnblished  Lectures  <m  the  Comparative  Anatomy  of  the  Placenta,  Ist 
series,  Bdinburgji,  1876. 
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further^  that,  through  the  operation  of  these  agencies  on  tbe 
organism,  actions  may  be  set  up  which  re-act  on  the  matter 
of  the  organism  itself.  Thus  changes  in  climate,  food,  and 
the  character  of  the  habitat  of  an  organism  may  induce 
variations  in  the  tegumentaiy  organs,  the  teeth  and  other 
portions  of  the  digestive  apparatus,  the  limbs  and  the  skeleton, 
which  variations  may  be  perpetuated,  in  the  descendants  of 
the  individual  in  which  they  may  arise,  by  hereditary  trans- 
mission, or  may  even  become  more  and  more  pronounced  in 
successive  generations,  if  they  should  prove  useful  to  the  life 
purposes  of  the  individual  and  of  the  species. 

But  the  conditions  generally  under  which  the  placenta  is 
placed  in  all  mammals  seem  to  be  so  nearly  uniform,  that  it 
is  difficult  to  see  how  it  can  be  affected  by  surrounding 
agencies.  In  all  mammals  the  placenta  is  enclosed  in  a 
uterus,  situated  in  the  abdominal  cavity :  it  is  at  a  uniform 
temperature,  so  that  it  cannot  be  affected  by  variations  in  the 
amount  of  external  heat,  and  it  is  altogether  excluded  from 
the  action  of  light.  Whether  its  form  be  diffused  or  con- 
centrated into  a  more  limited  area,  it  has  to  perform  the 
same  function,  viz.  that  of  preparing  material  for  the  nutrition 
of  the  foetus,  and  of  bringing  that  material  into  sufficiently 
dose  relation  to  the  foetal  vascular  system  so  that  it  may  be 
readily  absorbed.  Although  it  is  possible  that  the  structural 
modifications,  which  I  have  described,  may  influence  the 
rapidity  of  transmission  of  material  from  mother  to  foetus, 
there  can  be  little  doubt  that  the  chemical  and  osmotic  changes 
which  go  on  in  the  several  forms  of  placenta  are  similar  in 
all  cases. 

It  may  be  of  some  interest,  however,  to  consider  more  in 
detail  some  of  the  special  conditions  in  which  the  placenta  ia 
placed,  and  to  enquire  if  the  habits  of  life  of  the  animal, 
the  duration  of  gestation,  the  size  of  the  mother  and  foetus, 
the  shape  of  the  uterus,  the  number  of  foetuses  produced 
at  a  birth,  or  the  relative  size  and  distribution  of  the  al- 
lantois,  can  have  exercised  any  influence  in  producing  modi- 
fications in  the  form  and  minute  structure  of  the  placenta. 

As  the  discoid  and  zonary  forms  of  placenta  occupy  a  much 
smaller  proportion  of  the  chorion  than  do  the  polycotyledonary 


THE  PLACENTA  AND  THE  THEORY  OF  EVOLUTION.  43 

and  diffused,  the  modification  in  shape  and  the  consequent  con- 
centration of  the  organ  in  a  more  limited  area  in  the  diaco- 
and  zono-placentalia  might  be  supposed  to  be  correlated  with 
certain  habits  of  life,  which  rendered  it  advisable  that  the 
placenta  in  them  should  be  packed  in  a  comparatively  small 
space. 

Thus  it  might  be  thought  that  speed  was  not  so  com- 
patible with  the  possession  of  a  large  diffused,  as  with  a 
compact  discoid  placenta^  or  that  an  animal  might  climb  or 
burrow  more  readily  if  its  placenta  were  limited  in  its  area^ 
and  occupied  a  smaller  proportion  of  the  abdomen.  But  a  com- 
parison of  the  habits  of  the  mammalia  with  their  placental 
characters  does  not  bear  out  this  supposition.  The  Uorse, 
one  of  the  swiftest  of  terrestrial  mammals,  and  the  BaUsnoptera 
of  aqaatic  mammals,  have  the  diffused  placenta  alike  with 
the  lumbering  Pig  and  Hippopotamus;  whilst  the  Deer  and 
Antelope  with  the  cotyledonary  placenta  have  an  equal,  if 
not  greater  speed  than  the  zono-placentary  Dog  or  Lion 
which  chases  them.  The  Hedgehog,  which  rolling  itself  up 
into  a  ball  lies  torpid  for  many  months  of  the  year,  has  a 
discoid  placenta^  like  the  Bat,  which  in  its  flight  flits  as  rapidly 
before  the  eye  so  as  to  produce  scarcely  any  image  of  its  form 
on  the  retina.  The  Lemur  with  its  diffused  placenta  is  as 
arboreal  in  its  habits  as  the  Squirrel  or  Monkey  with  their 
discoid  placenta.  The  Hare  which  lives  and  runs  on  the  surface 
of  the  ground  has  a  discoid  placenta  like  the  Rabbit  and  Mole 
which  burrow  and  tunnel  out  passages  under  the  surface. 

There  are  considerable  differences  in  the  duration  of 
gestation,  and  consequently  in  the  rate  of  development  of  the 
tissues  and  organs  in  different  mammals,  and  it  is  a  fair 
subject  for  en((uiry  if  a  short  gestation  and  rapid  histological 
development  are  invariably  associated  with  one  form  of  placenta, 
a  long  gestation  and  slower  development  with  another;  but 
here  also  there  is  no  definite  relation  between  the  habit  and 
the  anatomical  arrangement.  The  disco-placentary  Babbit 
has  a  gestation  of  four  weeks,  whilst  the  Human  female,  also 
with  a  discoid  placenta,  has  one  of  nine  months.  The  zono- 
placentary  Cat  has  a  gestation  of  eight  weeks,  the  Lion  of 
fourteen  weeks,  and  the  Elephant  of  nearly  two  years.    The 
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Sheep  with  its  cotyledonary  placenta  goes  twenty-one  weeks  with 
young,  whilst  the  Cow  with  a  similar  placenta  is  pregnant  for 
nearly  double  that  period.  The  Llama,  with  a  diffused  plaoent-i, 
has  a  gestation  of  twenty-four  weeks,  whilst  the  Mare  carries 
its  young  for  eleven  months,  and  the  Camel  for  thirteen  months. 

As  some  mammals  are  much  larger  than  others,  and  as  the 
fostus  at  the  time  of  birth  bears  a  proportion  to  the  size  of  the 
mother,  it  might  be  thought  that  the  smaller^  more  compact 
placenta  would  be  found  in  those  animals  in  which  the  foetus 
attains  no  great  size,  and  the  more  diffused  placentse  in  the 
bigger  species,  and  to  some  extent  this  is  undoubtedly  the 
case.  Thus  many  of  the  smaller  mammals,  as  the  Rodents, 
Bats  and  InsecHvora  have  a  discoid  placenta,  and  a  zonary 
placenta  is  found  in  the  smaller  Carnivora.  But  the  zonaiy 
placenta  is  also  present  in  the  larger  Carnivora,  and  in  the 
Elephant,  the  biggest  of  all  existing  terrestrial  mammals^ 
whilst  a  discoid  placenta  occurs  in  the  Human  female.  Al- 
though a  diffused  placenta  is  met  with  in  the  huge  Bakena  and 
Balamoptera  amongst  the  Cetacea,  and  in  the  Hippopotamus^ 
Tapirs  and  Camels  amongst  land  mammals,  whilst  the  Giraffe^ 
Oxen  and  Deer  have  the  polycotyledonary  form ;  yet  in  these 
groups  also  smaller  species  are  found  with  similarly  formed 
placentae ;  thus  the  Chevrotains  and  Peccaries  have  a  diffused 
placenta,  and  the  little  Musk  deer  a  cotyledonary. 

Another  point  which  needs  consideration  in  the  discussion 
of  this  question  is  the  relation  between  the  shape  of  the  uterus 
and'  the  form  of  the  placenta.  To  some  extent  there  does  seem 
to  be  a  relation,  although  exceptional  arrangements  occur. 
Uteri,  as  is  well  known,  are  either  simple,  i,  e.  possess  a  single 
cavity,  or  are  divided  into  two  horns.  Now  it  would  appear 
that  the  diffused,  polycotyledonary  and  zonary  forms  of  pla- 
centa never  occur  in  a  simple  uterus,  but  the  discoid  placenta  is 
met  with  both  in  simple  and  bicomuous  uteri. 

There  is  also  no  definite  relation  between  the  form  of  the 
placenta  and  the  number  of  fcetuses  produced  at  a  birth.  The 
Mare,  the  Cetacea,  the  Lemurs,  the  Ma/aia  amongst  the  mammals 
with  a  diffused  placenta  are  uniparous,  but  the  Pig,  also  with 
a  diffused  placenta,  may  produce  at  a  birth  ten  or  a  dozen  or 
even  more.    The  Carnivora  as  a  rule  have  several  young  at 
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a  birtb,  bot  the  zono-placentary  Seals  and  Elephant  cany  only 
a  single  foetus.  The  disco-placental  Rabbit,  Mole,  and  Hedge* 
hog  are  pluriparous,  whilst  the  Hare,  Monkey  and  Human 
female  are  uniparous.  In  a  uniparous  mammal,  with  a  dif- 
fused or  polycotyledonary  placenta,  the  chorion  is  not  limited 
to  the  horn  of  the  uterus  in  which  the  foetus  is  lodged,  but 
extends  to  the  tip  of  the  opposite  horn :  in  the  zono-placental 
uniparous  Seal,  with  a  two-homed  uterus,  the  chorion  is  limited 
to  Uie  fecundated  comu;  in  the  disco-placental  uniparous  Hare 
the  chorion  extends  into  the  non-fecundated  horn.  But,  for 
the  purposes  of  the  placenta^  one  of  the  compartments  of  the 
uterus  in  a  pluriparous  mammal  may  be  regaixied  as  the 
equivalent  of  the  entire  uterus  of  a  uniparous  mammal. 

As  the  chorion  derives  its  vascularity  from  the  allantois, 
and  as  the  distribution  of  the  allantois  over  the  inner  surface 
c^  the  chorion  determines  the  extent  of  the  vascularity  of  that 
membrane,  it  might  have  been  thought  that  the  villi  would 
persist  over  the  whole  of  the  chorion  to  which  the  allantois  pro- 
ceeded, so  that  the  form  of  the  placenta  would  be  regulated 
by  the  arrangement  of  the  allantois ;  that  in  the  diffused  pla- 
centa, for  example,  the  allantois  would  be  much  more  exten- 
sively distributed  than  in  the  discoid,  and  that  the  disappearance 
of  villi  from  the  surface  of  the  chorion  would  be  associated  with 
an  atrophy  of  the  vessels  of  the  allantois.  The  Human  placenta 
wotdd  indeed  seem  to  give  support  to  this  view,  for  at  an  early 
stage  of  development  the  vascular  allantois  is  distributed  over 
the  whole  inner  surface  of  the  villous  chorion,  though  in  the 
later  stages  its  vessels  disappear  over  an  extensive  area,  the 
villi  of  which  also  atrophy.  But  the  comparative  examination 
of  the  placenta  shows  this  to  be  by  no  means  the  general  rule, 
for  in  the  diffused  placenta  of  the  Pig  the  poles  of  the  chorion 
are  vascular,  though  they  are  non-villous;  in  the  polycotyledon- 
ary placenta  the  intercotyledonary  parts  of  the  chorion,  though 
non-villous,  are  yet  highly  vascular,  and  in  the  zonary  placenta 
the  poles,  though  free  from  villi,  have  an  abundant  capillary 
plexus  distributed  in  them.  Neither  can  the  persistence  of 
the  sac  of  the  allantois  have  any  influence  in  determining  the 
persistence  of  the  villi  on  the  surface  of  the  chorion,  for  the 
CetaceOf  though  with  the  villi  diffused  over  almost  the  entire 
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outer  surface  of  the  chorion,  have  the  sac  of  the  allantois  re- 
stricted to  that  part  of  the  chorion  which  lies  opposite  the  belly 
of  the  foetus. 

No  one  of  these  several  conditions  can  in  itself  be  regarded 
as  furnishing  a  sufficient  determining  cause  capable  of  account- 
ing for  the  production  of  the  different  forms  of  placenta,  and  as 
two  or  more  do  not  occur  together  in  a  sufficiently  definite 
manner  to  permit  us  to  say  that  in  combination  they  may 
produce  the  variations  met  with,  we  are,  so  far  as  these  agencies 
^re  concerned,  still  ignorant  of  the  true  causes  of  the  modi- 
fications in  the  placenta.  That  some  advantage  in  the  economy 
of  the  organ  has  resulted  to  the  animals  possessing  a  discoid  or 
zonary  placenta  from  their  concentration  in  a  limited  area, 
over  those  mammals  which  retain  the  less  highly  specialized 
diffused  and  polycotyledonary  forms,  is  very  probable.  The 
dilatation  of  the  maternal  vessels  into  colossal  capillaries  or 
into  sinuses,  which  seems  to  be  general  in  the  zono-placentajy 
mammals,  which  exists  also  in  the  lobes  of  the  dome-shaped 
placenta  of  the  Sloth,  and  in  Man  and  Monkeys  amongst 
the  disco-placentalia,  modifies  the  relation  of  the  maternal 
vessels,  with  their  investing  epithelium,  to  the  foetal  villi.  In 
the  diffused  and  polycotyledonary  placentae,  which  possess  a 
maternal  network  of  ordinary  capillaries,  only  one  aspect  of  the 
maternal  vessel  is  in  relation  to  .the  maternal  epithelium  and 
the  foetal  villi ;  but,  in  the  other  placentae  referred  to,  the  entire 
circumference  of  the  maternal  vessel  is  surrounded  by  ma- 
ternal epithelium  and  foetal  villi,  which  would  seem  to  permit 
of  a  more  rapid  interchange  of  material  between  the  mother 
and  the  foetus ;  just  as  in  the  lungs  of  birds  and  mammals  the 
pulmonary  capillaries  are  arranged  so  as  to  have  their  wall 
more  completely  in  relation  to  the  air  in  the  air-sacs  than  is 
the  case  in  the  lungs  of  reptiles. 

We  have  no  definite  information  before  us  for  determining 
if  the  surface  of  the  chorion  covered  by  villi  varies  in  its  extent 
inversely  with  the  length,  absolute  number  and  complexity  of 
the  villi  springing  from  it.  We  certainly  do  know  that  in  the 
diffused  placenta  the  villi  though  numerous  are  short  and 
simple,  whilst  in  the  more  concentrated  forms,  though  fewer 
in  number,  they  have  increased  in  length  or  breadth,  and  in 
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the  complexity  of  their  ramifications ;  but  we  cannot  say  if  the 
increase  in  their  length,  breadth  and  complexity  bears  a  pre- 
cise relation  to  the  diminution  in  the  extent  of  the  horizontal 
area  of  the  chorion  from  which  they  spring.  It  is  possible 
that  the  concentration  oi  the  villi  within  a  disc  or  zone  may, 
by  limiting  the  horizontal  area  of  the  organ,  require  the  ex- 
penditure of  a  smaller  amount  of  force  in  the  placental  circu- 
lation than  when  the  placenta  is  diffused  over  an  extensive 
sarface,  and  that  the  flow  of  the  blood,  through  dilated  capil- 
laries, or  irregular  sinuses,  may  be  accompauied  by  a  smaller 
amount  of  friction  than  when  it  flows  through  an  ordinary 
capillary  plexus.  Should  this  be  the  case,  then  the  physics  of 
placental  nutrition  and  circulation  would  undoubtedly  gain 
something  by  these  modifications  in  aiTangement;  and  their 
production,  at  some  remote  epoch,  as  a  variation  arising  in 
some  animal  or  animals,  may,  through  an  advantage  in  the 
economy  of  the  organ,  have  led  to  their  perpetuation  by  he- 
reditary transmission. 

We  do  not  and  indeed  cannot  expect  ever  to  know  anything 
of  the  placentation  of  extinct  mammals,  for  the  rocks  have 
borne  no  testimony  to  the  shape  and  structure  of  this  organ. 
We  may  assume,  perhaps,  as  a  matter  of  speculation,  that  the 
extinct  mammalia,  which  in  their  osteological  characters  so  far 
resembled  existing  animals  as  to  be  referred  to  the  same 
families  and  genera,  possessed  a  placenta  similar  in  form  and 
structure  to  that  present  in  the  allied  existing  animals. 

It  does  not  appear  that  any  of  the  existing  genera  of  mam- 
mals have  been  traced  further  back  in  geological  time  than 
the  miocene  division  of  the  tertiary  period,  though  many  can 
only  be  followed  into  the  pliocene  ^ 

Amongst  the  Perissodactyla,  for  example,  remains  of  the 
Horse  have  been  found  in  pliocene  formations,  together  with 
those  of  certain  horse-like  animals,  which  have  been  named 
ProtokippuSf  Merychippus  and  Hipparion ;  whilst  the  North 
American  genera  Mesohippua  and  Miohippus  prolong  the  line 

1  I  may  refer  to  the  excellent  Lectures  of  ProfeBsor  Flower  for  much  valnable 
information  on  the  antiquity  and  the  affinities  of  the  extinct  mammalia,  as 
dedneihle  from  a  comparison  of  their  osteological  characters.  See  Proeeedingi  of 
E<rsfal  Insiitutum  of  Cheat  Britain,  April  25, 1878,  and  March  10th,  1876  ;  also 
Natwe,  Feb.  17th  to  May  4th,  1876. 
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back  through  the  miocene  to  the  (h*ohippm  of  the  eocene 
period.  The  Rhinoceroses  go  back  to  the  pliocene  and  through 
the  American  genera  Diceraiherium  and  JByracodon  to  the 
miocene;.  whilst  the  Tapirs  have  also  been  met  with  in  the 
miocene.  But  in  the  early  miocene  and  eocene  the  remains  of 
animals  are  founds  which  in  their  skeletons  combined  the  cha- 
racters of  the  existing  genera  of  Ferissodactyla.  Thus  the  Anchi- 
therium  possessed  both  horse  and  tapir-like  characters,  the 
Falceotherium  had  arrangements  suggestive  of  the  rhinoceros^ 
horse  and  tapir,  whilst  the  Lophiodontidce  of  the  early  eocene 
formed  apparently  a  more  generalized  ungulate  type. 

Now  as  existing  horses,  tapirs,  and  probably  rhinoceroses 
have  a  diffused  placenta,  and  on  the  assumption  that  the  dif- 
fused placenta  is  the  least  specialized  form,  it  is  not  unlikely 
that  the  extinct  Perissodactyla  had  also  a  diffused  placenta, 
though  in  the  LopkiodoniidcB  it  may  have  closely  approximated 
to  the  generalized  type  of  placenta. 

Amongst  the  Artiodactyla  the  tubercular-toothed  division, 
or  Bunodonts,  possess  considerable  antiquity.  The  pigs  go  back 
to  the  later  miocene  and  the  hippopotamus  to  the  pliocene. 
The  existing  genera  have,  and  the  extinct  forms  probably  also 
possessed,  a  diffused  placenta.  The  Selenodont,  or  ruminant 
Artiodactyla,  have  been  found  in  the  pliocene  and  later  mio- 
cene. The  more  typical  existing  ruminants  have,  as  is  so  well 
known,  the  polycotyledonary  placenta,  a  form  which  was  pro- 
bably possessed  by  their  miocene  and  pliocene  ancestors.  In 
the  North  American  miocenes  the  family  Oreodontidos,  and  in 
the  later  eocenes  the  genera  AnoplotheHum,  IHchobune,  Chcero- 
poiamua  and  Hyopotamua  are  found,  which  partake  of  the 
characters  of  both  pigs  and  ruminants.  These  genera  are  also 
allied  to  the  true  pigs  through  the  transitional  forms  Chcsro- 
therium  and  Palceochoents ;  so  that  genera  at  one  time  existed 
which  combined  the  characters  of  those  families  of  Artiodactyles, 
some  of  which  we  now  know  to  possess  a  diffused,  others  a 
polycotyledonary  placenta.  It  is  probable  that  in  these  extinct 
forms  the  placenta  was  diffused,  though  beginning,  it  may  be,  to 
put  on  the  cotyledonary  arrangement.  But  amongst  existing 
ruminants  two  aberrant  forms,  the  Chevrotains  and  Camels, 
possess  the  diffused  placenta.     Through  the  Chevrotains  the 
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Baminants  gravitate  towards  the  Bunodonts  or  pigs,  whilst 
through  the  Camels  they  incline,  through  the  extinct  genus 
Macrauchenia,  to  the  Peris8od€U^la.  N<5t  only  therefore  do 
extinct  forms  supply  transitional  links  hetween  the  true  rumin- 
ants and  those  extinct  genera  in  which  presumably  the  diffused 
type  of  placenta  was  present,  but  amongst  existing  ruminants 
are  found  genera^  which,  possessing  the  diffused  type  of  pla- 
centa^ are  allied  in  the  one  case  to  the  diffused  placental 
PerisBodactyles,  in  the  other  to  the  Bunodonts.  Hence  it  seems 
to  me  that  the  pakeontological  evidence  supports  the  argument 
which  I  had  previously  based  on  a  consideration  of  their 
structural  characters,  that  the  polycotyledonary  placenta,  which 
is  only  a  little  more  specialized  than  the  diffused  placenta, 
may  have  been  evolved  out  of  a  more  generalized  diffused  form. 

The  diffused  placenta  is  not  however  limited  to  the  Dhffu- 
lata,  but,  as  we  have  already  seen,  is  found  in  the  Cetaoea  and 
Lemurs.  The  palseontological  history  of  the  Cetacea  carries 
them  back  to  pliocene  and  miocene  times,  and  if  Zeuglodan 
is  to  be  r^arded  as  an  ancestral  form  of  the  order,  even  to  the 
eocene.  There  is  distinct  evidence  that  Lemurs  existed  in  the 
early  miocene,  and  possibly  even  in  eocene  times.  Presumably 
the  CeUteea  and  Lemurs  have  preserved  the  simple  diffused 
placenta  through  all  these  ages ;  though  the  concentration  of  the 
gland-openings  in  large  areas  in  the  uterine  mucosa  of  existing 
Lemurs  marks  a  greater  degree  of  specialization,  than  if  each 
gland  had  opened  independently  in  its  own  area»  as  is  the  case 
for  example  in  the  common  pig,  and  as  may  perhaps  have 
been  the  arrangement  in  the  more  ancient  forms  of  Lemurs. 

Of  the  zono-placental  mammals  the  Probascidea,  Canidas, 
ViverridoB  and  Fdida  can  be  traced  through  the  pliocene  to  the 
miocene  period,  whilst  the  remains  of  Bears  and  Otters  do  not 
appear  to  have  been  found  older  than  the  pliocene.  When  the 
process  of  specialization  of  a  zonary  placenta  first  began  we 
have  no  evidence.  But  the  differentiation  as  regards  the 
Ih'oboecidea  may  perhaps  have  originated  in  some  of  those 
gigantic  forms  included  under  the  name  of  Dinooeraia,  which 
have  recently  been  discovered  in  the  American  eocenes,  and 
which  as  Professor  Flower  has  stated  seem  to  bridge  over  the 
gulf  between  the  modem  orders  of  Prcbowndea  and  Perisso- 
dactyle  Ungulates.     And  in  support  of  this  view  I  may  recall 
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attention  to  the  observation  made  twenty  years  ago  by  Prof. 
Owen  on  the  placenta  of  the  Elephant^  in  which  he  saw  not 
only  the  zonary  equatorial  band,  but  a  patch  of  villi  dififused 
over  the  chorion  at  each  of  its  poles.  These  diffused  patches 
preserve  in  the  placental  structure  evidences  of  the  perisso- 
dactyle  affinities  of  the  modem  Proboscidea. 

The  remains  of  mammals  exhibiting  affinities  with  existing 
Carnivora  have  been  found  in  the  eocene,  as  the  Ardocyon 
primcBViis,  the  different  species  of  Hycenodorij  and  the  genera 
Synophtherium  and  Mesonyx,  whilst  the  miocene  has  yielded 
certain  generalized  types,  ^'Bifi^^fhphicyofi,  which  seems  to 
combine  the  characters  of'^l09iV  ,'dogs  and  bears,  and  the 
Machcerodus,  which  is  allied  .to.th^r^^tclca.  It  is  possible  that 
in  these  extinct  genera,  the  differentiation  into  a  zonary  placenta 
may  have  occurred ;  though  the  affinities  of  the  extinct  Zeu- 
glodon,  on  the  one  hand  with  the  Seals,  and  on  the  other 
with  the  Cetacea,  may  indicate  that  to  be  the  line  through 
which  the  differentiation  has  been  effected.  On  the  other 
hand,  such  genera  as  Hycenodon,  Synoplotherium  and  Mesonyx, 
which  possess  affinities  in  some  of  their  skeletal  characters  with 
the  Insectivora ;  or  those  genera,  which  Professor  Marsh  has 
grouped  together  in  the  order  TiUodontia^  and  which  combine 
the  characters  of  Carnivores,  Ungulates  and  Rodents,  may  in- 
dicate the  direction  along  which  the  discoid  form  of  placenta 
may  have  originated. 

Of  the  disco-placental  mammals,  existing  families  of  Bo- 
dentia,  Insectivora  and  Cheiroptera  have  been  found  in  the 
miocene,  but  remains  allied  to  these  orders  have  been  described 
from  eocene  strata.  No  very  reliable  evidence  of  the  remains 
of  true  Monkeys  has  been  obtained  older  than  tlie  miocene. 
Whether  the  differentiation  of  the  discoid  placenta  took  place 
in  miocene  times,  or  at  some  earlier  period  in  connection  with 
then  existing  genera,  it  is  of  course  impossible  definitely  to 
state;  though  from  the  fact  that  the  osteological  and  dental 
characters  of  these  orders  were  distinctly  differentiated,  the 
placental  characters  were  in  all  probability  likewise  differentiated 
in  the  miocene  period,  so  that  the  production  of  the  discoid 
placenta  had  presumably  taken  placfe  at  an  earlier  epoch. 

From  the  description  which  has  been  given  in  these  lectures 
of  the  form  and  structure  of  the  placenta  it  will  have  been  seen 
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that  in  the  genera  constituting  several  of  the  oideiB  and  sub- 
orders of  tnammals  the  placenta  has  an  uniform  shape,  and 
within  certain  limits  a  close  correspondence  in  internal  struc* 
tare,  so  that  their  placental  affinities  correspond  with  affinities 
in  the  other  organic  systema  Thus  the  Perissodactyla  possess  a 
diffused  placenta^  the  typical  Ruminants  a  polycotyledonaiy 
placenta,  the  Oamtvora,  including  the  Pinnipedia,  a  zonaiy 
placenta^  the  Bodentiay  Insectivora^  Cheiroptera,  Monkeys  and 
Man  each  a  discoid  placenta.  On  these  grounds  a  classification 
of  the  Mammalia  on  the  basis  of  the  placenta  has  been  proposed 
and  adopted  by  many  zoologists.  But  with  this  system  of 
classification,  as  with  other  systems,  which  have  been  based  on 
the  characters  of  a  single  organ,  though  it  may  be  found  ap-: 
plicable  to  many  genera,  yet  exceptions  occur  in  such  numbers, 
and  of  so  much  importance — exceptions  so  difficult  to  reconcile 
with  the  general  basis  of  t^e  system — that  in  my  opinion  the 
pUoental  system  of  classification  can  no  longer  be  sustained. 

Thus  in  the  order  Artiodfictylay  whilst  the  bunodont  Pigs 
and  Hippopotamus  have  a  difiused  placenta,  the  typical  Rumi- 
nants have  a  polycotyledonary  placenta ;  though  in  the  aberrant 
Camels  and  Chevrotains  the  placenta  is  as  diffused  as  in  the. 
bunodontK ;  .whilst  in  the  OiraiFe,  the  placenta^  though  chiefly 
cotyledonary,  yet  has  to  some  extent  villi  difiused  over  the 
surface  of  the  chorion.  But  in  the  order  Edentata^  as  at 
present  constructed,  a  more  remarkable  diversity  in  placental 
form  is  met  with.  In  Manis  the  placenta  is  diffused.  In  the 
Hairy  Ant-Eaters  and  Sloths  it  is  dome-like;  a  similar  ar- 
rangement, judging  from  Kolliker's*  description,  is  met  with 
in  the  AmukdiUoes,  though  Owen  describes  the  placenta  in 
Dasypus  as  a  single,  thin,  oblong,  disc*;  whilst  in  Orycteropus, 
as  I  have  recently  shown,  the  placenta  is  broadly  zonular',  so 
that  the  Edentata,  so  far  as  their  placentation  has  been  up  to 
this  time  studied,  furnish  examples  of  all  the  known  group- 
forms  of  placenta,  except  the  polycotyledonary.  It  may,  how- 
ever, be  said  that  the  Edentata  form  an  order  constituted  on  no 
very  definite  basis ;  that  they  are  animals  associated  together 
on  the  ground  of  possessing  certain  negative  characters  in 
common,  rather  than  from  any  positive  affinities,  and  that  no 

>  Eniw%ekhMg$ge»ehiehU  des  Mentclun,  2nd  ed.  p.  862,  Leipssig,  1876. 
*  Comp.  Anat,  Vertebrates,  in.  p.  731.     1868. 
'  This  Journal,  3n\j,  1876,  p.  698. 
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argument  of  any  weight,  as  against  the  placental  system  of 
classification,  can  be  based  on  the  diversities  of  placental  form 
and  stracture  which  they  exhibit 

But  the  differences  in  the  Edentata  and  Artiodactyla  are 
not  the  only  obstacles  to  accepting  the  placental  system  of 
classification.  The  genus  Hyrax,  for  example,  presents  an 
organisation  so  remarkable,  that  whilst  some  zoologists  have 
referred  it  to  the  Bodentia,  others  have  regarded  it  as  allied  to 
the  UnffukUa;  others  have  looked  on  it  as  intermediate  between 
Ungulates  and  Rodents;  others  have  made  it  the  type  of  a 
distinct  order  Hyracoidea^  having  affinities  on  the  one  hand 
with  the  Unffulata,  on  the  other  with  the  Sadentia  and  In- 
tecHvora,  But  this  animal,  as  indeed  has  long  been  known, 
has  a  placenta  which  is  neither  diffused,  nor  polycotyledonaiy 
as  in  the  Ungtdataj  nor  disc  oid  as  in  the  Bodentia  and  In- 
secUvoraj  but  zonary  as  in  the  Camivora.  Moreover,  as  I 
ascertained  from  the  examination  of  a  specimen  a  few  monUis 
ago^,  the  minute  structure  of  the  placenta  of  Hyrax  is  so  like 
that  of  the  domestic  cat,  that  it  is  difficult  to  distinguish  the 
one  from  the  other.  In  its  placental,  though  not  in  its  other 
affinities,  Hyrax  approaches  so  closely  to  the  Fdid(B,  that,  if 
^  the  placenta  is  to  be  regarded  as  the  dominant  character  in 
classification,  it  ought  to  be  associated  with  the  Cats,  a  posi- 
tion in  which  no  zoologist  has  ventured  to  place  it. 

Again,  if  the  form  of  the  placenta  in  the  genus  Elephas  were 
alone  to  be  taken  into  consideration,  the  great  preponderance  of 
its  equatorial  zone  would,  on  the  placental  system  of  classifica- 
tion, require  this  animal  to  be  approximated  to  the  Camivara, 
an  alliance  which  is  not  supported  by  the  examination  of  other 
features  of  its  structure. 

But  the  Lemurs  throw  yet  greater  difficulties  in  the  way  of 
accepting  the  placental  system  of  classification.  The  external 
form  of  these  animals,  more  especially  the  configuration  of  the 
hands  and  feet,  and  the  characters  of  the  skeleton  and  teeth, 
have  led  zoologists  to  associate  them  with  the  higher  mammalia. 
Linnseus  grouped  them  with  Man,  Apes,  and  Bats  in  the  order 
Jhrimates,  and  although  the  Bats  have  by  common  consent  been 
3ince  referred  to  a  separate  order,  yet  many  eminent  zoologists 
retain  the  Lemurs  with  Man  and  Apes  amongst  the  Primates. 

^  Proe.  Roy.  Soe.  London,  Dee.  16ih»  1875. 
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Blumenbach  and  Cuvier  constructed  the  order  Quadrumana 
for  the  Apes  and  Lemurs,  an  arrangement  which  has  also  met 
with  much  acceptance.  Qratiolet,  Gervais,  Haeckel,  and  Carus 
have  placed  the  Lemurs  in  a  separate  order,  one  however  which 
they  regard  as  allied  to  the  Apes  and  Insectivara.  By  all 
zoologists,  therefore,  they  are  considered  to  have  close  aflinities 
with  those  mammals  which  have  a  discoid  placenta ;  so  close 
indeed  has  this  affinity  been  supposed  to  be,  that  the  Lemurs 
have  been  erroneously  assumed  to  possess  a  disc-shaped  placenta. 

But  the  figures  published  by  Professor  Alphonse  Milne 
Edwards^  and  the  examination  made  by  myselT  of  the  gravid 
uteri  of  several  genera  of  Lemurs  have  shown  that  in  these 
animals  the  placenta  is  diffused,  so  that  in  their  placental  form 
and  structure,  as  well  as  in  the  large  and  persistent  sac  of  the 
allantois,  they  correspond  closely  with  the  Perissodactylaf  buno- 
dont  Artiodactyla,  and  Cetacea. 

Hence,  if  the  placental  characters  are  to  out-weigh  those 
presented  by  other  organs,  the  position  of  the  Lemurs  in  the 
class  Mammalia  must  be  completely  reversed.  Instead  of  being 
grouped  in  more  or  less  close  relationship  with  the  Apes  and 
Insectivoraj  they  must  be  placed  alongside  of  the  Whales  and 
UngukUa,  But  this  is  a  position  which  will,  I  think,  scarcely 
be  accepted  by  zoologists. 

From  a  consideration  therefore  of  the  form  and  structure  of 
the  placenta  in  the  several  orders  of  mammals,  so  far  as  we 
have  as  yet  had  an  opportunity  of  studying  it,  one  is  led  to  the 
conclusion  that^  for  purposes  of  Classification,  the  placenta 
cannot  be  accepted  as  a  dominant  organ;  but  that  in  the 
present  state  of  science,  where  our  acquaintance  with  the  genea- 
logical relations  of  animals  is  insufficient  for  the  construction 
of  a  definite  pedigree,  the  presence  of  a  combination  of  similar 
characters  drawn  from  more  than  one  system  of  oigans  gives  a 
safer  guide  to  the  affinities  of  an  animal,  than  the  existence,  in 
only  a  single  organ  or  system,  of  even  a  very  close  resemblance 
in  form  and  structure. 

1  Histoire  NatureUe  de$  MaminUflre$  de  Madagatear.  Vol.  xx.  Tome  it. 
AtlML  Plates  118  to  121.  No  deeoription  of  these  plates  has  yet  been  pabliflhed. 
Paris,  1875. 

>  Trant.  Ray,  See.  London,  1876. 


ON  THE  STOMACH  OF  THE  FRESH-WATER  CRAY- 
FISH.  By  T.  J.  Pabker,  Assoc.  B.8M.,  Demonstrator 
of  Biology  in  the  Boyal  School  of  Mines.    PL  11. 

(From  the  Biological  Laboralory  of  the  Royal  School  of  Mines,) 

The  Stomach  of  the  Crustacean  with  its  curious  gastric  mill  has 
been  described  by  Oesterlen  ("Ueber  denMagendesFlusskrebses," 
MuUer's  Archiv,  1840),  Milne-Edwards  {Histoire  natureUe  des 
Orustades,  Tom.  l),  and  Huxley  {Med.  Times  and  Gazette, 
March  4th,  1857) :  a  few  points,  however,  seem  to  have  been 
overlooked,  and  to  these  I  wish  to  draw  attention. 

The  stomach  of  the  Crayfish  is  a  large  chamber,  situated  in 
the  cephalic  region  of  the  animal,  and  distinctly  divided,  by  a 
constriction,  into  an  anterior  cardiac,  and  a  posterior  pyloric 
division  (PL  n.  figs.  2  and  3).  It  is  composed  of  a  delicate  cellular 
membrane,  lined  by  a  strong  chitinous  layer,  by  the  calcifica- 
tion of  certain  parts  of  which  the  masticating  apparatus  or 
gastric  mill  is  produced. 

In  the  roof  of  the  globular  cardiac  portion  of  the  stomach 
is  a  strong  transverse  bar  of  calcified  chitin  (c),  the  "  pi^e  car- 
diaque"  of  Milne-Edwards,  or  "  Querbalken"  of  Oesterlen.  The 
lateral  edges  of  this  cardiac  ossicle  are  cut  obliquely,  so  that,  if 
produced,  they  would  meet  at  a  point  slightly  behind  the  an- 
terior boundary  of  the  stomach:  from  the  centre  of  its  hinder 
border  is  continued  backwards  and  downwards  a  median  uro- 
cardiac  process  {u.  c.)  (''pars  quadrata,'*  Oesterlen)  which,  al- 
though calcified,  is  so  elastic,  as  to  be  moveable  vertically  about 
its  junction  with  the  cross-bar.  The  posterior  extremity  of  this 
median  process  is  thickened,  and  jMroduced  inferiorly  into  two 
small  toothlets,  the  accessory  teeth  {a.  t)  ("cardiac  teeth,"  Hux- 
ley). With  each  obliquely-cut  extremity  of  the  cross-bar,  a 
small  sub-triangular  ptero-cardiac  ossicle  (p.  c)  ("S-formige 
Knochelchen,"  Oesterlen;  ''pifece  pt^ro-cardiaque,"  Milne-Ed- 
wards) is  connected. 

The  urocardiac  process  articulates  posteriorly  with  the  pre- 
pyloric ossicle  (p.  p.)  ("  Pars  triangularis,"  Oesterlen :  *'  pi^e 
pylorique  ant^ricure,"  Milne-Edwards),  which  is  situated  in  the 
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front  wall  of  the  pyloric  dilatation,  and  takes  a  direction  up- 
wards and  forwards,  so  as  to  include,  in  the  quiescent  condition 
of  the  apparatus,  an  acute  angle  with  the  urocaidiac  process. 
The  pie-pyloric  ossicle  is  broad  above,  narrows  gradually  to- 
wards its  lower  end,  and  then  suddenly  expands,  and  con- 
stitutes a  kind  of  cup,  the  posterior  face  of  which  forms  a 
continuous  sigmoid  curve  with   the  pre-pyloric  ossicle  itself 
(see  Fig.  3),  while  the  anterior  lip  projects  forwards,  and  fur- 
nishes the  articulation  for  the   urocardiac  process.    The  cup 
thus  formed  has  its  walls  greatly  thickened  and  of  a  homy 
appearance,  and,  projecting  into  the  cavity  of  the  stomach, 
forms  the  strong,  bifid  median   tooth   {m.  t)   ('' Mittelzahn," 
Oesterlen:  ''urocardiac  tooth,"  Huxley).    Oesterlen  describes 
this  tooth  as  being  formed  behind  by  the  pre-pyloric  ossicle, 
and  in  front  by  a  small  separate  piece  intercalated  between  it 
and  the  end  of  the  urdcardiac  process :  Professor  Huxley  (he, 
ciL  p.  255)  describes  it  as  being  borne  entirely  by  a  separate 
ossicle.    This  is  probably  owing  to  the  fact  that  there  is  a 
transverse  mark  on  the  dorsal  side  of  the  urocardiac  process, 
produdLng  the  appearance  of  a  separation,  which,  however,  a 
longitudinal  section  shows  not  to  be  a  real  one. 

In  the  roof  of  the  small  pyloric  dilatation  of  the  stomach  is 
situated  the  pyloric  oesiole  (p)  {"  Sattel,''  Oesterlen),  a  trans- 
versely arcuated  plate  articulating  anteriorly  with  the  upper 
end  of  the  pre-pyloric  piece,  with  which  it  forms  an  acute 
angle,  and,  on  each  side,  becoming  continuous  with  the  posterior 
extremity  of  a  stout  calcification  {z.  c),  developed  in  the  side- 
walls  of  the  cardiac  portion  of  the  stomach,  which  articulates, 
in  front,  with  the  backwardly  curved  slender  end  of  the  ptero- 
oardiac  ossicle.   This  is  the  "  Seitenwandknochen"  of  Oesterlen, 
or  "  pi^ce  lat^rale  sup^rieure"  of  Milne-Edwards ;  as,  however, 
it  constitutes  one  of  the  chief  parts  of  the  gastric  mill,  and 
needs  therefore  to  be  distinguished  from  certain  other  calcifica- 
tions which  simply  support  the  walls  of  the  stomach  and  give 
attachment  to  its  intrinsic  muscles  {vide  infra),  it  will  be  better 
to  speak  of  it  as  the  zygo-cardiac  ossicle.    The  inner  border  of 
this  ossicle  is  flanged  horizontally  inwards,  and  forms  the  great 
serrated  lateral  tooth  {I.  t),  which  projects  so  far  into  the  cavity 
of  the  stomach,  as  to  be  a  very  short  distance  from  the  median 
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tooth  even  in  the  position  of  rest  of  the  organ.  When,  how- 
ever, the  cardiac  and  pyloric  ossicles  are  pulled  respectively 
forwards  and  backwards^ — as  they  are  pulled  by  the  gastric 
muscles  mentioned  below — ^a  great  change  in  the  disposition 
of  the  parts  ensues.  The  pre-pyloric  ossicle  assumes  a  vertical 
position,  including,  now,  a  right  angle  with  the  pyloric  piece, 
the  urocardiac  process  bends  downwards,  the  median  tooth  be- 
comes vertical,  the  zygo-cardiac  ossicles  are  pulled  backwards 
dragging  with  them  the  lower  ends  of  the  ptero-cardiacs,  which, 
by  reason  of  their  oblique  articulation,  are  constrained  to  move 
not  only  backwards,  but  inwards  and  downwards:  the  same 
inward  and  backward  motion  is,  consequently,  given  to  the 
front  ends  of  the  zygo-cardiacs,  so  that  the  lateral  teeth,  ap- 
proaching the  middle  line,  come  into  contact  with  the  median 
tooth,  and  grind  against  it  with  considerable  force. 

Besides  the  six  ossicles  forming  the  gastric  mill,  there  are 
several  accessory  calcifications  both  in  the  cardiac  and  pyloric 
parts  of  the  stomach.  These  are  all  described  by  Milne-Edwards 
(I.  c.  p.  68),  who  calls  them  pi^s  cardiaques  post^rieure,  lat^ 
raJe-iuf^rleure  (Fig.  2,i.  L),  lat^ro-post^rieure  (p.  I),  lat^rale,  and 
lat^rale-accessoire  (a.  L) ;  and  pi^es  m^o-pylorique  (m.  p.), 
uro-pylorique,  pylorique  lat^rale  (I. p.),  and  pylorique  inf^rieure. 
Of  these  only  the  ''pi^e  cardiaque  lat^rale*'  need  be  more 
than  mentioned:  it  expands  below  into  a  large  oval  cartila- 
ginous .plate,  and  bears  a  small,  pointed  infero-latercd  tooth 
(Figs.  2  and  3,  i.  L  t),  which  projects  into  the  cavity  of  the 
stomach  over  against  a  little  projection  (t')  on  the  lower  border 
of  the  great  lateral  tooth. 

The  complicated  valvular  arrangements  in  the  cardio-pyloric 
and  pyloric  regions  of  the  stomach  are  described  by  Professor 
Huxley  {loc.  dt.  p.  255). 

In  the  Lobster  the  gastric  apparatus  differs  in  no  important 
respect,  except  in  size,  from  that  of  the  Crayfish :  of  minor 
points  of  difference  the  chief  are  the  rudimentary  condition  of 
the  accessory  teeth,  and  the  fact  that  the  median  tooth  has  a 
single  blunt  point 

In  the  Crab,  which  is  taken  as  a  type  by  Milne-Edwards, 
the  cross-beam  of  the  cardiac  ossicle  is  reduced  almost  to 
nothing,  the  ptero-cardiacs,  at  the  same  time,  becoming  very 
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large :  the  uro-cardiac  process  is  of  great  length  and  fonns  a 
separate  ossicle,  and  on  it,  instead  of  on  the  pre-pyloric  ossicle, 
the  median  tooth  is  foand.  In  consequence  of  these  arrange- 
ments, and  of  the  loose  mode  of  articulation  of  the  various 
pieces,  the  gastria  mill  of  the  Crab  is — ^as  a  cursory  examination 
will  show — a  far  less  perfect  masticatory  apparatus  than  that 
of  the  Crayfish  or  Lobster,  although  possessed  by  a  more 
specialised  animal. 

The  muscles  with  which  the  stomach  is  provided  may  be 
divided  into  two  sets,  an  extrinsic  and  an  intrinsia  In  each 
set  some  muscles  have  to  do  with  the  movement  of  the  gastric 
mill,  while  others  are  concerned  in  the  movements  of  the 
stomach  as  a  whole. 

In  the  extrinsic  set,  there  are,  first  of  all,  the  gastric  muscles 
proper,  of  which  there  are  two  pairs,  an  anterior  and  a  pos- 
terior. The  anterior  pair  (Fig.  1,  a.  g)  arise  from  the  base 
of  the  rostrum  or  procephalic  process,  {pc.  p.),  and  are  inserted 
into  a  cartilaginous  plate  (''  Decke,"  Oesterlen)  into  which  the 
front  edge  of  the  cardiac  ossicle  is  produced,  and  somewhat  in 
front  of  the  latter.  The  posterior  pair  (p.  g)  arise  from  the 
inner  surface  of  the  roof  of  the  carapace,  somewhat  behind  the 
posterior  boundary  of  the  stomach,  and  are  inserted  into  the  py- 
loric ossicle  and  the  posterior  ends  of  the  zygo-oardiacs.  When 
these  muscles  contract  together,  they  pull  apart  the  cardiac  and 
pyloric  ossicles  and,  as  mentioned  above,  bring  the  teeth  of  the 
mill  into  contact.  As  a  matter  of  fact  they  are  the  only  muscles 
which  are  of  any  importance  in  the  working  of  the  apparatus, 
for  (see  Huxley,  loc.  cit  p.  255)  when  they  cease  to  contract 
it  returns  to  the  position  of  rest  by  its  own  elasticity. 

The  remaining  extrinsic  muscles  are  of  small  size,  and 
amount  altogether  to  nine  pairs.  Two  pairs,  the  anterior 
dilators  of  the  stomach  (Fig.  1,  a.  d.)  arise,  on  each  side,  from 
the  antennary  sternum,  and  pass  directly  backwards,  between 
the  circum-CBSophageal  nerve-commissure  and  the  azygos  sto- 
mato-gastric  nerve,  to  their  insertion  in  the  front  wall  of  the 
stomach  and  oesophagus.  Three  pairs  of  kUeral  dilators  {I.  d) 
arise  from  the  mandibular  sternum,  and  pass  inwards  and 
backwards,  immediately  in  front  of  the  adductor  mandibtUas 
muscle,   to  the   side-walls  of  the  stomach  and  gullet    An- 
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other  pair  of  lateral  dilators  (Z.  d\)  arise  from  the  outwardly- 
eurved,  anterior  horns  of  the  intermaxillary  apodeme,  and 
pass  almost  directly  forwards  to  the  walls  of  the  oesophagus. 
Two  paiis^  the  inferior  dilators,  arise,  the  larger  (i.  d.)  from 
the  internal  thickened  edge  of  the  dorsal  surface  of  the 
mandible,  the  smaller  (t.  d\)  from  the  upper  sur£GU)e  of  the 
intermaxillary  apodeme  {i,  m.  a.),  and  pass  upwards  and  slightly 
backwards  to  be  inserted  into  the  inferior  pyloric  ossicle. 
Lastly,  a  pair  of  superior  or  pyloric  dilators  (s,  d,)  arise  from 
the  carapace  immediately  behind  the  point  of  origin  of  the 
posterior  gastric  muscles  (where  there  is  in  the  Lobster,  though 
not  in  the  Crayfish,  a  little  calcareous  projection  for  their 
attachment)  and  pass  downwards,  close  together,  to  their  in- 
sertion in  the  upper  surface  of  the  pyloric  dilatation,  a  little 
in  front  of  the  dorsal  ccecum  of  the  intestine.  The  anterior 
dilators  are  mentioned  by  Dr  BoUeston  at  p.  100  of  his  Forms 
of  Animal  Life,  and  the  inferior  dilatora  by  Milne-Edwards 
(Z.  c.  p.  71):  there  is,  however,  no  description  of  the  muscles 
given  by  either  of  these  writers,  and  of  the  remaining  fasciculi 
I  have  met  with  no  notice  whatever. 

All  these  lesser  extrinsic  muscles,  at  any  rate  when  acting 
together,  must  serve  to  increase  the  cavity  of  the  stomach. 
The  attachment  of  the  larger  pair  of  inferior  dilators  (i,  d.) 
is  very  curious,  for  passing,  as  they  do,  between  the  mandible 
and  the  stomach,  they  must  tend  to  pull  down  the  latter  every 
time  the  mandibles  are  divaricated.    They  might,  perhaps,  assist 
slightly  in  mastication,  by  raising  the  inner  edges  of  the  mandi- 
bles, and  so  bringing  their  toothed  surfaces  into  contact,  if  the 
stomach  were  kept  fixed  by  the  contraction  of  the  posterior 
gastrics  and  superior  dilators,  but  they  are  too  feeble  to  be 
of  any  real  assistance  to  the  enormous  addiLctores  mandibularufn. 
The  intrinsic  muscles  are  developed  between  the  two  layers 
of  the  stomach,  and  are  easily  seen  when  the  delicate  external 
layer  is  dissected  off.     One  pair  (Fig.  1,  o.  p.)  are  found  on 
the  upper  surface,  passing  between  the  side  pieces  of  the 
cardiac  and  the  posterior  ends  of  the  zygo-cardiac  ossicles, 
into  which  their  anterior  and  posterior  ends  are  respectively 
inserted.    They  are  consequently  put  on  the  stretch  when, 
by  the  action  of  the  great  gastric  muscles,  these  two  ossicles 
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are  aepamtedy  and,  on  the  gastrics  ceasing  to  act,  will,  by  their 
contraction,  act  as  weak  antagonists  to  the  latter,  and  assist 
in  bringing  the  apparatus  to  its  position  of  rest  This  action 
musty  however/  in  the  Crayfidh  and  Lobster,  be  extremely 
feeble,  as  they  are  veiy  delicate,  probably  not  more  than  one 
layer  of  muscular  fibres  thick.  In  the  Crab,  on  the  other 
hand,  where  the  medianical  advantages  are  much  less,  one 
was  naturally  led  to  expect  that  these  ocarduhpylorie  muBcIes 
woald  take  on  a  greater  development,  and  this  is  actually  the 
case.  An  assygos  median  band  is  developed,  in  addition  to  the 
pair  found  in  the  macrurous  genera,  and  the  muscles  are  far 
stoater  than  in  the  latter.  These  muscles,  also,  have,  as  far  as 
I  am  aware,  not  hitherto  been  described. 

The  remaining  intrinsic  muscles  (en.)  form  an  incomplete 
middle  coat  to  the  stomach,  and  act  as  ''constrictors,"  thus 
antagonising  the  extrinsic  "  dilators."  One  set  of  fibres  almost 
encircles  the  pyloric  dilatation :  others  lie  in  the  side- walls  of 
the  cardiac  portion  where  they  pass  between  the  zygo-cardiac 
and  inferp-lateral  ossicles,  and  between  the  infero-lateral  and 
the  front  border  of  the  lateral  cartilaginous  plate ;  a  few  are 
also  found  in  front  of  the  cartilaginous  plate.  Besides  their 
constricting  function  it  is  possible  that  the  fibres  passing 
between  the'  zygo-cardiac  and  infero-lateral  ossicles  may  serve 
to  bring  the  infero-lateral  tooth  into  contact  with  the  acces- 
sory denticle  (t\)  of  the  lateral  tooth.  It  also  seems  not  alto- 
gether unlikely  that  the  dilators  and  constrictors,  acting  al- 
ternately, faay  confer  upon  the  stomach  a  suctorial  function, 
such  as  is  possessed  by  the  buccal  sac  of  the  Scorpion,  described 
by  Professor  Huxley,  thus  enabling  the  animal  to  take  in  more 
readily  the  putrid,  often  semi-fluid,  matters  on  which  it  feeds. 
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EXPLANATION  OP  PLATE  II. 

Fig,  1.  The  stomach  in  situ:  the  anterior  and  posterior  gastric  miucles 
of  the  left  side  are  cut  away  to  their  inaertionB:  the  origins  of  the  Intend 
dilators  and  of  the  chief  inferior  dihttors  are  also  remoTed. 

Fig.  2.  The  stomach  with  the  external  coat  remored ;  the  median  and 
lateral  teeth  are  seen  through  the  transparent  inner  coat. 

Fiff.  3.    A  longitudinal  vertical  section  of  the  stomach. 

Fig,  4.  The  ossicles  of  the  gastric  mill,  <!Usarticulated  and  yiewed  from 
the  yentral  aspect 


JR^erencei, 


a.  d,  anterior  dilator  muscles. 

tf.^.        ff       gastric     ff 

(lI  accessory latend cardiac ossida 

afU.$t  antennary  sternum. 

a,t  accessory  tooth. 

b.d,  aperture  of  the  bile  duct 

e,    canliac  ossicle. 

cgn.  cerebral  ganglion. 

en,  constrictor  muscles. 

cce,  coBCum. 

cp,  cardio-pyloric  muscles. 

e.p, ».         „  yalve. 

e,  e^  external  coat  of  stomach. 

i,e,  internal     „  „ 

i,dy  Ld,  inferior  dilator  muscles. 

i,l,  infero-lateral  cardiac  ossicle. 

i,  I,  t,  infero-lateral  tooth. 

i,m,€t,  inter-maxilhiry  apodeme. 

int,  intestine. 

/.  d,,  L  d^,  lateral  dilator  muscles. 


Lp,  lateral  pyloric  ossicle. 

l,t,  lateral  tooth. 

m,  mouth. 

fn,  p,  meso-pyloric  ossicle. 

m,  t,  median  tooth. 

usi,  oesojnhagus. 

p,  pyloric  ossicle. 

p,  e,  ptero-cardiac  osside. 

pep,  procephalic  process. 

p,g,  posterior  gasfric  muades. 

p,l.  postero-lateral  cardiac  osdcle. 

p,(ei,gn,  post-«esophageal  gann^ioiL 

p,p.  pre-pyloric  ossicle. 

r.  rostrum. 

i,d,  superior  dilator  musdes* 

sg,n,  stomato-gastric  nerve. 

t ',  accessory  denticle  of  lateral  tooth. 

u,  c,  uro-cardiac  process. 

z,c,  sygo-cardiac  osside. 
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EXPERIMENTS   ON    THE   BILIARY  SECRETION  OF 
THE  DOO.    By  Prof.  Ruthebfobd  and  M.  Yional. 

Second  Series. 

In  the  first  series  of  our  experiments  we  gave  an  account 
(this  Jcumal^  X.  253)  of  the  action  of  podophyllin,  colchicum, 
rhubarb,  aloes,  scammony,  taraxacum,  senna,  calomel,  gam- 
boge, croton  and  castor  oil  on  the  secretion  of  bile  in  the 
dog.  We  have  now  to  detail  the  actions  of  a  number  of 
other  substances.  In  these  experiments  we  have  adopted 
precisely  the  same  method  as  in  the  previous  ones;  that  is 
to  say,  we  have  always  used  dogs;  these  being  the  only 
animak  suitable  for  the  purpose.  They  had  always  a  full 
meal  of  flesh  at  four  o'clock  in  the  afternoon,  and  the  ex- 
periment was  begun  at  nine  o'clock  on  the  following  morning, 
so  that  digestion  and  absorption  had  fully  taken  place; — a 
condition  that  is  essential  for  obtaining  a  constant  secretion 
of  bile.  In  all  cases,  irregular  muscular  movements  were 
prevented  by  small  doses  of  curara,  it  having  been  ascertained 
that  these  have  no  apparent  influence  on  the  biliary  secre- 
tion, nor  do  they  prevent  the  manifestation  of  the  effects  of 
hepatic  stimulants.  In  consequence  of  the  curara  paralysis 
respiration  was  of  course  maintained  artificially.  As  before, 
a  glass  cannula  was  tied  in  the  common  bile-duct,  the  cystic 
duct  was  clamped,  and  all  the  bile  secreted  was  thereby  com- 
pelled to  flow  out  through  the  cannula  into  a  finely  graduated 
cc.  measure,  where  it  was  constantly  collected  and  the  amount 
observed  and  recorded  every  fifteen  minutes.  Each  experi- 
ment usually  lasted  an  entire  day,  at  the  close  of  which  the 
animal  was  killed,  and  the  alimentary  canal  examined.  The 
various  substances  were  always  injected  directly  into  the 
duodenum,  for  the  reason  that,  in  fasting  dogs,  the  stomach 
is  apt  to  contain  a  large  quantity  of  mucus  that  seriously 
interferes  with  the  certainty  of  the  speedy  absorption  of  the 
various  substances  administered.  We  therefore  had  recourse 
to  the  small  intestine,  and  we  preferred  the  duodenal  portion. 
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in  order  that  we  might  certainly  bring  the  substance  into 
contact  with  its  mucous  membrane,  in  case  of  any  sympathy 
between  it  and  the  liver.  The  whole  method  is  more  fully 
detailed  in  our  previous  communication^  but  it  may  be  well 
to  state  that  in  these  experiments  anaesthetics  were  not 
administered,  because  of  their  disturbing  influence  on  the 
biliary  secretion.  In  two  of  our  earlier  experiments  we  ad- 
ministered chloroform  during  the  preliminary  operation,  but 
the  stimulation  of  the  liver  produced  thereby  was  so  remark- 
able, that  the  animals  were  rendered  useless  for  fiirther 
experimentation.  To  avoid  equivocal  results,  we  therefore 
abstained  from  the  preliminary  administration  of  any  sub- 
stance  other  than  curara. 

We  have  still  confined  our  attention  to  the  physiological 
actions  of  cholagogues,  for  it  cannot  be  doubted  that  the 
thorough  investigation  of  this  subject  is  of  great  importance 
for  the  advance  of  scientific  medicine. 


Action  of  "Euo^nrMiN." 

Wood  and  Bache   in  the   United  States  Dispensatory  for 
1869  (p.  374)  state  that  "the   precise    virtues   of  the   bark 
of    Euonymus    atropurpureus    have    not    been    determined.'* 
Mr  C.  A.   Santos — quoted  by  them — describes   it  as  "tonic, 
hydragogue  cathartic,  diuretic,  and   antiperiodic."     Dr  Tidy- 
man  informed  them  that  he  had  obtained  useful  effects  firom 
it,  as  an  alterative  of  the  hepatic  function.     Wood  and  Bache 
conclude  that  "on  the  whole  its  character  is  somewhat  un- 
certain ;  and  it  might  well  form  a  subject  of  further  examina- 
tion."   The  American  "  Eclectics  "  give  "  Euonymin  "  as  a  mild 
aperient  in  doses  of  from  one  to  two  grains.   The  substance  used 
by  them  however  is  a  very  complex  substance,  only  a  portion 
of  which  consists  of  the  active  principle — ^the  true  euonymin. 
Mr  Clothier  found  it  to  produce  active  purgation  without  griping. 
The  substance  employed  in  our  experiments  is  an  impure 
resin  prepared  by  precipitating  the  tincture  of  euonymin  with 
water  acidulated  with  hydrochloric  acid.    It  was  obtained  from 
Messrs  Tilden  and  Co.  of  New  York. 
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Experiment  1.     I><^  ihat   had   faated   17  hours.     Weight 
19  kilogrammes.     (Fig.  1.) 


"  euoDjmin,"  together  irith  the  tboTe 


The  irregularity  in  the  biUary  flow  in  thia  caae  was  cer- 
tainly owing  to  an  irregularity  in  secretion,  for  the  cannula 
was  perfectly  patent  throughout  the  whole  of  the  experiment. 
The  irregularity  did  not  consist  in  the  bile  being  expelled  in 
jeta,  as  might  have  been  expected  had  it  been  owing  to 
contraction  of  the  larger  bile-ducts  at  intervals,  but  there 
was  a  rapid  and  steady  flow  for  some  minutes,  and  then  for 
a  whUe  it  flowed  much  more  slowly.  This  irregularity  of 
secretion  was  probably  in  large  measure  due  to  unusual 
traction  upon  the  bile-duct  and  liver  during  the  introduction 

1  Btbtt  dot  in  the  cnrreB  in  all  the  flgnrea  indioatM  the  anioimt  of  bile 
BBeretrfdnring  the  prewding  fifteen  minntea.  The  quantity  is  alwsja  expresBed 
in  eabic  omtiinetreE. 
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of  the  ctmnula,  wbicb  in  this  caae  was  much  more  difficult 
than  usual.  We  have  repeatedly  observed  that  luiless  ibis 
part  of  tbe  preliminary  operation  be  conducted  so  as  to  very 
slightly  disturb  the  bile-duct  and  ita  auTToundings,  the  biliary 
secretion  is  rendered  irregular.  Nevertheless  it  is  evident  that 
in  this  case  the  "euonymin"  stimulated  tbe  liver. 

AOTOPSY. — There  was  very  slight  evidence  of  purgative 
action,  but  the  mucous  membrane  of  the  upper  fourtii  of  the 
small  iutestine  was  much  more  vascular  than  usual. 

£cpennitfn<  2.  Dog  that  had  fasted  24  hours.  Weight 
23.3  kilogrammes.  (Fig.  2.)  The  unusually  long  fast  resulted 
&om  the  animal  having  refused  to  take  food  on  the  aftemocHi 
of  tbe  day  preceding  tbe  experiment  It  was  probably  owing 
to  this  circumstance  that  tbe  secretion  of  bile  was  so  low  at  the 
b^;inniDg  of  the  experiment. 

Kg.  a. 
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Autopsy^ — Stomach  contracted,  mucous  membrane  noimaL 
The  "  eaonymm"  ha/i  extended  along  about  a  third  of  the  small 
uitestiBe.  The  mtkcous  membrane  of  the  upper  third  was 
extremely  vascular.  Mucous  flakes  were  scattered  over  the 
sur&ce^  and  the  whole  appearance  of  the  membrane  reminded 
us  of  the  effects  of  podophyllin.  But  notwithstanding  the 
veiy  obyious  irritation,  the  intestine  at  this  part  contained 
only  a  small  quantity  of  a  watery  fluid.  The  remainder  of 
the  intestine  was  dry  and  contracted,  without  any  signs  of 
irritation. 

ItesuUs  (f  EaBperimenU  wiih  "Eu(my7nifiJ^ — 1.  Five  grains  of 
''  euonymin,"  when  mixed  with  a  small  quantity  of  boiling  water 
and  placed  in  the  duodenum,  powerfully  stimulated  the  liver  \ 
2.  Coincident  with  the  marked  action  of  the  liver  there 
was  only  a  slight  increase  of  intestinal  secretion.  Seeing  that 
Mr  Clothier  (quoted  above)  found  "  euonymin "  to  be  an  active 
puigative  in  the  human  subject,  these  experiments  suggest 
that  the  puigative  effect  may  be  chiefly  due  to  increased 
secretion  of  bile.  At  any  rate  these  experiments  clearly  show 
that  this  substance  is  worthy  of  receiving  far  greater  attention 
in  practical  medicine  than  it  has  done  hitherto. 


Action  of  "  Sanguinabin.'* 

Dr  Wood  in  his  exoellent  Treatise  an  Therapeutics 
(1874)  states  (p.  867)  that  "although  Sanguinaria  has  been 
used  more  or  less  for  so  many  years,  we  are  still  without  any 
really  definite  knowledge  of  its  action.  Little  or  nothing  has 
been  added  to  our  knowledge  since  the  papers  by  Dr  Tully 
in  1830,  who  stated  that  when  given  in  small  repeated  doses 
it  acts  as  a  very  decided  cholagogue ;  and  more  recently  it 
has  been  affirmed  that  it  is  also  a  stimulating  expectorant. 
In  full  doses  it  is  certainly  a  harsh  emetic,  and  in  overdoses^ 
according  to  TuUy,  it  produces  with  the  vomiting  burning  at 
the  stomach,  faintness,  vertigo,  dimness  of  vision,  general  in- 
sensibility, coldness,  extreme  reduction  of  the  force  and  fre« 


1  The  analyBiB  of  ihe  bile  seeieted  before  and  after  "enonymin  '*  was  lost* 
VOL.  XI.  5 
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^ueocy  of  the  pulse,  great  prostration  of  the  muscular  strength, 
and  sometimes  a  convulsive  ri^dity  of  the  limbs."  Dr  Wood 
states  that  he  has  never  koowii  of  its  employment  except  as 
a  stimulant  expectorant  in  obstinate  bronchitis.  Dr  Mothei»- 
head  of  Indianapolis  (quoted  in  Wood  and  Bache's  Onited 
States  Biapensatory,  1869,  p.  741)  however  "speaks  in  th« 
strongest  terms  of  its  efficacy  as  an  excitant  of  the  liver,  when 
given  in  alterative  doses."  On  the  other  hand.  Prof.  Thomas, 
of  Philadelphia  (quoted  by  Wood  and  Bache,  lib.  dt.,  p.  742), 
found  the  active  principle  sanguinarina  to  "have  no  effect  of 
any  kind  directly  on  the  liver  "  of  man.  "  Sanguinarin  "  is  how- 
ever recommended  by  the  American  "Eclectics"  in  doses  of 
^ — 1  gnun  as  a  hepatic  alterativa  The  substance  employed 
in  the  following  experiments  is  a  reein  prepared  in  the  same 
manner  as  euonymin  (see  p.  62). 

Experimerd  3.      Dog  that   had   fasted  17  hours.     Weight 
27.7  kilogrammes.     (Fig.  3.) 

Fig.  8. 


fiwretion  of  bile  before  and  after  "Baagninariu."  2oa.  bila  and  9.6«e.  »«t«r 
injected  into  the  daodeanm  at  b.  1  grain  "  BangninariD  "  in  (be  same  fluid 
injected  at  i.    3  grainB  ■'  sanguinarin  "  in  the  same  fluid  injected  at  f. 

AUTOFSiT. — Mucous  membrane  of  upper  two-thirds  of  small 
intestine  was  of  a  clear  claret  colour,  here  and  there  it  itas 
m.'U'ked  by  brownish  patches  of  a  size  varying  from  that  of  a 
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sixpence  to  that  of  a  half-crown.  There  were  35  cc  of  a 
thick  brown  fluid  in  the  small  intestine.  The  l»own  colour 
was  apparently  owing  to  the  presence  of  the  "  sanguinarin/'  a 
substance  of  a  brownish-red  colour. 


ExperimeBt  1. 

Booretion 
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Ezperiment  8. 
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Tabu  h^CompoHH&n  of  BiU  before  and  ttfter  "SanguinaHn.^* 


Ezperiment  8. 

Before. 

After. 

W  Cvvvfl*                  •••             •••              «••                                ••• 

Bile-aoidfi,  pigments,  oholesterin,  fats 

JB  UwOJv                 •••              •«•              ••■               •••              •••              •■• 

^aBaI     •••               •*«               •••               •••               ■••               •••               ••■ 
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7.88 
1.04 
1.49 

91.41 
6.57 
0.90 
1.12 

100.00 

100.00 

Velocity  of  eeoretion  per  half-hour      

2.4  00. 

4.25  oc. 
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It  appears  from  tHiB  analysis  tliat  ander  the  influeDce  of 
"sanguiaariQ"  the  bile  becomee  more  watery,  nevertheleas 
the  velocity  of  secretioD  haviDg  been  nearly  doubled  by  thia 
agent,  it  is  evident  that  the  liver  accreted  more  biliary  matter. 

EcBperiment  4.  Dog  that  had  fasted  17  hours.  Weight 
20  kilogrammes.     (Fig.  4.) 


Beantion  of  bile  before  and  after  "BongmnftriD."  3se.  bile  and  Bob.  wtiet 
injected  into  the  doodeaom  ftt  i.  1  grain  "  Eoagninariu "  in  Uie  una 
fluid  injeoted  bt  t. 

Autopsy. — ^Yoscularity  of  the  mucous  membrane  of  upper 
half  of  small  intestine  somewhat  increased.  Considerable 
evidence  of  purgative  action  in  upper  half  of  small  intesUne. 
Contents  of  a  viscid  mucous  character. 


SeBttUs  of  Experiments  with  "  Sanguinarin." — 1.  In  one 
experiment  three  grains,  in  another  experiment  one  grain,  of 
"sanguioarin"  when  mixed  with  a  small  quantity  of  bile  and 
water  and  placed  in  the  duodenum  powerfully  stimulated  die 
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liver.  2.  It  rendered  the  bile  more  watery,  nevertheless  it 
caused  the  liv^r  to  secrete  more  biliary  matter  in  a  given  time. 
3.  The  secretion  of  the  intestinal  glands  was  slightly  increased 
by  the^e  doses.  These  results  show  that  the  statements  of 
Tully  a^d  Motbeirshead  ought  not  to  be  treated  with  indiffer- 
ence and  neglect,  as  they  at  present  appear  to  be,  in  practical 
medicine. 


Action  of  "Ibidin." 

The  root  of  the  Iris  Versicolor,  or  American  Blue  Flag,  is 
said  by  Wood  and  Bache  (lib.  dt.  p.  487)  to  possess  cathartic^ 
emetic  and  diuretic  properties.  The  American  "Eclectics" 
have  used,  under  the  name  of  ''iridin'^  or  irisin,  an  oleo- 
resin  obtained  by  precipitating  a  tincture  of  the  root  with 
water  and  mixing  the  precipitate  with  an  equal  weight  of 
some  absorbent  powder.  The  dose  of  this  is  1 — 5  grains  as 
a  purgative.  **  It  is  thought  to  unite  cholagogue  and  diuretic 
with  aperient  properties"  (Wood  and  Bache,  loc,  dt).  An 
anonymous  voiter  in  the  Lancet  (August  30,  1872)  states 
that  "it  is  gentler  in  its  action  than  podophyllin,  and  more 
reliable  when  a  slight  cholagogue  acti'on  is  required  for  a 
lengthened  period/'  This  statement  however  has  been  generally 
neglected,  and  the  substance  appears  to  be  unknown  to  most 
persons. 

The  substance  employed  by  us  is  a  resin  prepared  in  .the 
same  way  as  euonymin  (see  p.  62). 

EaBperiment  5.  Dog  that  had  fasted  17  hours.  Weight 
22.7  kilogrammes.     (Fig.  5.) 

Autopsy. — Stomach  normal.  Mucous  membrane  of  upper 
two-thirds  of  small  intestine  rather  more  vascular  than  usual. 
This  portion  of  the  intestine  contained  63  ca  of  fluid,  thus 
affording  evidenoe  of  a  decided  purgative  effect. 

•4 

Experiment  6»  Dog  that  had  fasted  18  hour^  Weight 
5.4  kilogrammes.   (Fig.  6.) 
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Fig.  6. 
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Experiment  4. 

Experiment  5. 

Experiment  6. 
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AuTOPST. — Stomach  normal.  There  was  increased  vascu- 
larity of  the  mucous  membrane  of  nearly  the  whole  length  of 
the  small  intestine.  The  redness  was  not  very  marked,  but 
it  was  greater  than  in  the  previous  experiment.  There  was 
decided  purgation,  the  ^mall  intestine  containing  87  cc.  of  fluid 
with  abundant  mucous  flocculi. 


BesulU  of  Experiments  with  Iridin. — 1.  Five  grains  of 
iridiii  when  miired  with  a  little  bile  and  water  and  placed  in 
the  duodenum  very  powerfully  stimulated  the  liver.  It  is 
not  80  powerful  as  large  doses  (four  grains)  of  *'  podophyllin/' 
but  it  is  more  powerful  than  "  euonymin,"  as  is  shown  by  the 
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amount  of  bile  secreted  per  kilogramme  of  dog ;  the  fractions 
for  the  two  ''enonymin"  experiments  being  0L4789ca  and 
0.4678  cc,  whereas  in  the  "iridin''  experiments  they  are 
0.637  cc.  and  0.638  cc.  The  high  fraction  in  the  second  -iridin 
experiment  probably  resulted  from  a  much  smaller  dog  getting 
the  same  dose  as  in  the  first  experiment^  the  smaller  liver 
being  thereby  stimulated  to  do  a  proportionally  greater  amount 
of  work\  2.  Iridin  is  also  a  decided  stimulant  of  the  intestinal 
glands.  Judging  from  these  experiments  its  irritant  effects 
on  the  intestinal  mucous  membrane  are  decidedly  less  than 
those  of  ''  podophyllin/'  while  the  puigative  effects  are  greater 
than  in  the  case  of  ^'euonymin."  The  statement  of  the 
writer  in-  th^  Lancet  (above  quoted)  that  in  man  ^it  is 
gentler  in  its  action  than  podophyllin  *'  is  fully  supported  by 
these  experiments,  and  there  seems  every  reason  why  this 
substance  should  be  removed  from  its  present  obscurity  and 
placed  in  a  prominent  position  in  practical  medicine. 


Action  of  "  LeptandrUu" 

'' Leptandria "  or  "  Leptandrin '^  is  a  resin  prepared  from 
the  root  of  the  American  plant  Leptandra  Yirginica  or 
Veronica  Yirginica  in  the  same  manner  as  euonymin  (see  p.  62). 
It  is  a  remedy  that  has  been  much  lauded  by  the  '* Eclectics" 
as  a  cholagogue  and  tenia  As  this  remedy  is  now  a  good 
deal  employed,  it  seemed  desiirable  to  obtain  more  precise 
information  regarding  its  mode  of  action.  The  dose  for  a  man 
is  \ — 3  grains  three  or  four  times  daily. 

Experiment  7.  Dog  that  had  fasted  18  houra  Weight 
20.4  kilogrammes.   (Fig.  7.) 

1  The  analyses  of  the  bile  seozeted  before  and  after  '*  iridin"  were  loet. 
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nation  at  bile  bcfors  uid  kttor  "leptendiu."  806.  faO«  ftnd  Bee.  w*t«r 
iDJeoted  into  the  daodennni  at  b.  6  gimiiu  "  leptandria  "  in  tha  mne  fluid 
injeetsd  at  e.  19  grains  "leptandna"  in  Soe.  raotilled  apirit'  and  Bee> 
wfttm  injected  at  e". 


Experiment  7. 

Before. 

AAer. 

Water          

Mneiw         

Arfi 

91.U 
6.M 
0.S6 
1.07 

91.dl 
e.60 
0.99 
1.07 

100.00 

100.00 

l.»oo. 

aJIee. 

It  appears  from  this  Analysis  that  the  bile  secreted  under 
the  influence  of  leptandria  retained  its  normal  composition. 

Rxiperiment  8.  Dog  that  had  foated  IS  hours.  Weight 
13.1  kilogrammes.    (Fig.  8.) 

AUTOPST. — Slightly  increased  Tascnlaritj  of  the  macoua 
membrane  of  the  apper  half  of  the  small  intestine.  There 
was  slight  pargation; — the  upper  half  of  the  small  intestine 
containing  37  cc  of  a  viscous  fluid. 

Ramtits  of  Experiments  vfith  "  Leptandria.'' — 1.  "  Leptandria  " 
vhen  mixed  with  bile  and  placed  in  the  duodenum  undoubtedly 
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6  gnins  " leptandru "  in  tee.  mtar  injeetad  into  Hie  dnadeniuB  at  t.  Hee. 
bile  and  Sao.  watei:  iujeoted  at  e".  12  gruna  "leptandria"  in  the  taaa 
fluid  injeoted  at  e", 

stimulates  the  liver,  but.  its  power  is  very  feeble  as  shown 
by  the  small  secretioD  of  bile  per  kilogramme  of  dog  not- 
with^nding  the  large  doaes  given.  It  excites  the  liver  to 
secrete  bile,  having  the  ordinary  composition.  Unless  the 
biliary  solvent  be  present,  "leptandria"  produces  scarcely 
any  appreciable  effect  In  this  respect  it  resembles  many 
other  reednous  substances,  e.g.  "  podophyllin."  2.  It  is  a 
feeble  stimulant  of  the  intestinal  glands. 


AenoH  OP  Ipecacuan. 

As  is  well  known,  ipecacuan  is  regarded  as  almost  a  specific 
remedy  'in  certain  cases  of  dysentery.  It  is  stated  that  it 
gives  rise  to  evacuations  containing  a  Uu^  quantity  of  bile, 
llie  manner  in  which  it  does  this  is  not  definitely  known : 
some  maintaining  that  it  permits  of  biliary  discharge  by 
relieving  spasm  of  the  bile-ducts.  The  following  experiments, 
undertaken  at  the  desire  of  Sir  Robert  Cliristison,  prove  beyond 
a  doubt  that  this  substance  is  a  powerful  stimulant  of  the 
hepatic  secreting  apparatus. 

Experiment  9.  Dog  that  had  fasted  IS  hours.  Weight 
15  kilogrammes.     (Fig.  9.) 

AuTOPST. — The  ipecacuan  had  extended  along  the  upper 
half  of  the  small  intestine,  the  mucous  membrane  of  which 
portion  was  covered  with  thick  white  mucus.    No  purgation. 
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BMntion  of  Idle  lielora  Mtd  After  ipeeaenan.  3  oc  bile  and  8  oo.  water  iajeoted 
into  the  dnodenain  at  6.  60  graini  ipeoaonan  powder  in  the  sania  flnid 
injeetMlati. 

Bipetiment  7. 
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Experiment  10.     JJog  that  bad  fasted  IS  hours.     Weight 
27.2  kilogrammea.     (Fig.  10.) 


8«oreUon  of  bile  before  and  after  ipecaentm.    2  oo.  bile  and  5  oe.  water  iii}Mt*d 
into  the  dnodentun  at  b.     The  same  fluid  with  60  graina  ipecamui  povdor 

AimiPST. — Stomach  DOrmaJ.  The  ipecacuan  extended  along 
the  upper  two-thirds  of  the  small  intestine,  the  mucous  mem- 
brane of  which  exhibited  a  sUght  increase  of  vascularitj,  and 
was  covered  with  thick  mucus,  but  there  was  no  purgation. 

Even  in  much  smaller  doses,  however,  ipecacuan  excites 
the  liver,  as  is  shown  by  the  two  following  experiments. 
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Experimmt  11.     Dog  that  had  fasted  18  hours.     Weight 
6.1  kilogrammes.     (Fig.  11.) 


Bavetum  otbilolieAn«  and  »fter  ipeoaonan.  1.6  co.  trite  and  3  »,  water  inJMUd 
into  (be  daodeQom  at  b.  Ibe  taioe  Said  with  a  grftins  of  ipeoMDan 
powder  injected  at  i. 

AuTOPST. — ^Thick  mucus  coveriug  the  mucous  nembraae 
di  upper  fourth  of  small' ioteatine.     No  purgation. 

FrperimentlZ.    Dog  that  bad  &6ted  17  hours.    Weight 
6.8  kilogiammes.     (Fig.  12.) 


Atttopst. — The  appearances  of  the  intestine  were  similar 
to  those  ebserred  in -the  preceding  experiment. 

Saulta  of  Keperiments  with  Ipecacvan. — 1.  Sixty  grains 
of  powdered  ipecacuan  mixed  with  a  small  quantity  of  bile 
aad  placed  in  the  duodenum  powerfully  stimulated  the  liver. 
Even  three  gnuns  had  an  effect  on  a  dog  weighing  6.S  kilo- 
gramues  very  nearly  aa  great  as  the  effect  of  sixty  grains  on 
a  dog  weighing  27.2  kilogrammes;  the  amouat  of  bile  seq-eted 
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CompoiiHon  of  the  BiU  befou  and  after  Ipeeaeuan. 
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Experiment  12. 
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These  analyses  show  that,  notwithstanding  the  accelera- 
tion of  secretion  by  ipecacuan^  the  percentage  amount  ot  the 
special  biliary  constituents  remains  unchanged. 


per  kilogramme  of  dog  being  nearly  the  same  in  both  cases. 
2.  The  bile  secreted  under  its  influence  was  of  normal  composi- 
tion as  r^;ards  the  biliary  matter  proper.  3.  No  puigative 
effect  was  produced,  but  there  was  an  increased  secretion  of 
mucus  in  the  smaU  intestine.  The  composition  of  the  bile 
did  not  afford  any  evidence  of  an  increased  secretion  of  mucus 
having  taken  place  from  the  glands  of  the  bile-ducts. 

The  increased  biliary  flow  that  followed  ipecacuan  could  not 
in  these  experiments  be  ascribed  to  any  relaxation  of  "  spasm 
of  the  bile-ducts/'  for  that  no  such  thing  existed  was  clearly 
8hown  by  the  free  flow  of  the  bile  before  the  substance  was 
given.  Nor  could  it  be  owing  to  contraction  of  the  gall- 
bladder, for  the  cystic  duct  was  clamped.  Nor  can  it  be 
ascribed  to  contraction  of  the  bile-ducts,  for  the  increased  flow 
was  fax  too  prolonged  to  be  attributable  to  any  such  cause. 
It  is  therefore  certain  that  this  substance,  like  the  others,  has 
the  power  of  stimulating  the  secreting  apparatus  of  the  liver. 
This  being  now  proved  as  regards  the  dog,  it  can  scarcely  be 
doubted  that  the  modus  operandi  is  the  same  in  man.  The 
results  of  these  experiments  will  therefore  lead  to  new  specu- 
lations regarding  the  jwithology  of  dysentery ;  for  every  step 
iowarde  greaier  ojccwracy  of  knowledge  regarding  the  modus 
operandi  of  amy  therapeuHo  argent  is  certainly  calculated  to 
advance  our  knowledge  of  the  true  nature  of  the  patkdogical 
condition  that  is  relieved  or  cured  by  it. 
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Action  or  Coloctnth. 

Colocyntli  and  jalap  are  substances  whose  action  on  the 
biliary  secretion  of  the  dt^  has  already  been  investigated  bj 
Bohrig  {Strieker's  Jahrbilcker,  1873,  p.  240).  According  to 
that  observer  croton  oil  is  a  powerful  cholagogue,  and  oolo- 
cynth  and  jalap  stand  near  it  in  importance.  We  have  already 
pointed  out  the  faultiness  of  Kohrig's  method,  and  have 
shown  (this  Journal,  Vol.  X.  p.  259)  that  croton  oil  is  scarcely 
worthy  of  being  classed  atnoaget  cholagogues.  It  seemed 
therefore  desirable  that  we  should  experiment  with  colocynth 
and  jalap  in  order  to  have  results  comparable  with  our  experi- 
ments on  other  substances. 

Experiment  13.  I>(^  that  had  fasted  10  hours,  Weight 
^.S  kilogrammes.    (Fig.  13.) 


Bearstion  of  bile  before  and  after  coloeyntb.  3  oo.  bile  and  2  oo.  water  injesM 
into  the  dnodenum  at  b.  The  some  fioid  with  7  grains  ot  powdsrcd  oolo- 
(Tilth  pnlp  injeoted  at  e,    Ili«  sam*  dose  repeated  at  c'. 
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Adtopst. — Gastric  mucous  membrane  veiy  vascular.  The 
mucous  membrane  of  the  small  intestine  was  intensely  vas- 
cular throughout  its  entire  length.  There  was  evidence  of 
powerful  purgation, — the  small  intestine  containing  82  cc  of 
fluid. 

Sa^mifMnt  14.  Dog  that  had  fasted  16  hours.  Weight 
16.3  kilogrammes.     (Fig.  14.) 


Secretion  of  bile  befon  *aA  aHor  etdoeyntli.    8  ee.  bile  and  S  oe.  water  injeoted 


Autopsy. — There  was  increased  vascularity  throughout  the 
whole  length  of  the  mucous  membrane  of  the  small  intestine, 
especially  marked  in  tho  upper  part.  There  was  considerable 
evidence  of  purgation. 


Cbmporition  o/  the  BUf  before  and  after  Coloeynth. 
TiBu  V. 


Eipcrimeiit  IS. 

Before. 

After. 

Water           

MuenB         

Ash 

92.M 
6.49 
0.90 

M,18 
4.70 
0.70 
0.47 

100.00 

100.00 

Telocity  of  aeoretioii  per  halt-honr     

8.4  oo. 

6.36  ee. 

82 


PROF.  BX7THEBF0&D  AND  M.  VIONAL. 


Table  VL 


Experiment  14. 

Before. 

After. 

W  QiwVJl                      ■•■                 •••                 •••                 *••                 ■■•                 ■*• 

Bile-acids,  pigments,  cholesterin,  fats 

JvLuCuB              ■•>            «••            •••            •••            ••■            •«• 

^VBJl     •••              •••              •«•              •»•              »«•              ■«»              ••• 

91.48 
6.85 
0.83 
0.84 

91.72 
6.69 
0.77 
0.82 

100.00 

100.00 

Velocity  of  secretion  per  half -hour      

1.15  cc. 

2.35  cc. 

These  anafyaes  riiow  that  cdloGyntb  renders  the  bile  more 
watery,  although  it  at  the  same  time  mcreaaes  the  secretioD  of 
the  special  l»liatj  matters. 

In  No.  13,  the  poise  became  very  weak  towards  the  close  of 
the  experiment^  and  it  may  be  that  this  weakness  rendered 
the  effect  <^  the  oolocynth  upon  the  liyer  less  than  it  other- 
wise might  hare  been.  Be  this  as  it  may,  we  did  not  think 
it  necessary  to  perform  another  experiment,  for  the  first 
experiment  with  this  substance  may  be  regarded  as  sufficient. 

SesuUs  of  the  Experiments  with  Colocynth. — 1.  Colocynth 
is  a  hepatic  stimulant  of  considerable  power.  It  renders  the 
bile  more  watery  but  nevertheless  increases  the  secretion  of 
biliary  matter.  2.  It  is  also  a  powerful  stimulant  of  the  intes- 
tinal glands. 


Action  of  Jalap. 


Experiment  15.  Dog  that  had  fasted  17  hours.  Weight 
25  kilogrammes.    (Fig.  15.) 

Autopsy. — ^The  jalap  had  extended  along  about  four-fifths 
of  the  small  intestine,  the  mucous  membrane  of  which  was 
more  vascular  than  usual,  especially  so  at  the  lower  part  of 
the  duodenum.  The  purgative  effect  was  considerable — ^there 
being  64?  cc.  of  fluid  in  the  intestine.  The  fluid  was  of  a  very 
watery  character. 
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BecretloD  ol  bile  belbre  tai  slier  jalap.  3i>ee.  bile  and  3.Seo.  wmter  mjected 
into  the  dnodennm  at  b.  30  psmx  of  jalnp  povdcr  in  the  ■ame  fioid 
injected  at  j. 


Eipcrimeat  13. 

S«eretion 
oC  bila  per 
UlogtMnae 
off  dog  1  per 


Eippiimprt  14. 

I   Socretinn 

Secretion   i  of  bile  per 

of  bile  per   kiloftniiiime 

15',        I  o(  dog:  pet 


Kicperimciit  15. 

I  Recretion 
eKtetirin  I  o(  bile  per 
bile  per  I  kilogramme 
15".       {  ol  dog:  per 


I 

li  0.16  m 
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Experiment  16.     D<^  that  had   fasted  20  hours.     Weight 
11,8  kilogrammes,     (Fig.  16.) 


Seoretiaa  of  bile  before  aod  fttter  jalap.  8  oc.  vater  and  3  oc  bile  inj«at«d  into 
the  doodeuam.  30  grains  jalap  powder  in  the  same  fluid  injected  at^,  and 
again  at/. 

AUTOPST. — Profiiae  purgative  action  throughout  the  whole 
extent  of  intestine.  Vascularity  of  mucous  membrane  of 
small  intestine  somewhat  increased,  most  marked  in  the 
duodenum. 

The  rapid  fall  in  the  bile  secretion  towards  the  close  of 
this  experiment  probably  resulted  from  the  purgation.  It  is 
to  be  noted  that  in  £xp.  16,  a  larger  dose  of  jalap  was  given 
(40  grains)  to  a  dc^  lees  than  half  the  size  of  the  subject  of 
Exp.  15.  This  is  doubtless  the  cause  of  the  greater  effect  on 
the  liver  and  on  the  intestinal  glands  in  Ecp.  16.  The  effect 
of  a  still  larger  dose  in  a  dog  of  nearly  the  same  weight  aa 
No.  16  is  instructive.     (See  Fig.  17.) 

Experiment  17.  Dog  that  had  fasted  22  hours.  Weight 
12.3  kilogrammes.     (Fig.  17.) 

Autopsy.  20  co.  of  fluid  had  been  injected  into  the 
duodenum,  much  of  which  had  probably  been  absorbed ;  the 
small  intestine,  however,  contained  in  its  upper  third  117  cc 
of  watery  fluid,  showing  that  a  profuse  purgative  action  was 
taking  place.  The  jalap  had  extended  along  only  a  third  of 
the  small  intestine. 
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BeeretioQ  of  bile  before  and  Kfter  jalap.  3  ce.  bile  an 
dnDdennm  at  b.  20  groins  jaUp  powder  in  the  u 
andj". 

The  fall  of  the  bile  secretion  towards  the  close  of  the 
experiment  is  only  another  illustration  of  the  fact  oHen 
witnessed  by  us — that  severe  purffiUion  diminishes  the  secretion 
qfbUe. 


CirwipoHtion  of  the  Bilt  befon  and  after  Jalap. 
TlBLE  VU. 


Experiment  15. 

Before. 

After. 

Water           

Mnmw           

Arf. 

B9.SI 
8.41 

o.sa 

1.86 

89.76 
8.06 
0.87 
1.88 

100.00 

100.00 

TelodQr  of  aecretion  per  half-hour      

3.1  00. 

8.7  ec. 

Tablm  Tm. 

Eiperimenl  18. 

B.,™. 

After. 

Water          

Mactw          

Ash 

87.91 
9.04 
0.73 
1.43 

88.19 
9.37 
0.62 
1.43 

100.00 

100.00 

YeIoeit7  of  MoreUoD  per  half-bou     

..4„ 

3.65  00. 

86       PROF.  KUTHERFORD  AND  M.   VIGNAL.      EXPERIMENTS,  &C. 


Ezperii] 

nent  16. 

Experiment  17. 

Seeretion 

fleoraikm 

Soeretion 

of  bile  per 

Seeietioii 

of  bile  per 

of  bile  per 

IdlogrBiiime 

of  bile  per 

kilognmnie 

15". 

of  <k)g:per 

W. 

of  dog:  per 

hour. 

Imw. 

cc. 

o& 

LO 

0.6 

1.0 

0.56 

0.95 

0.6 

0.45 

0.76 

0.75 

0.5 

'i 

0.7 

b 

0.65 

0.5 

V  0.178  oc. 

b 

0.6 

0.65 

0.6 

ii 

0.85 

• 

J  

0.55 

1 

0.65 

0.6 
0.9 

I  0.254  cc. 

0.85 
0.8 

0.96 

) 

0.6 

J  

0.9 

1.26 

/ 

1.36 

1.0 

0.95 

1.85 

J 

0.95 
1.65 

1 

1.05 
1.05 

V  0.357  cc. 

0.95 
1.5 

V  0.436  cc. 

0.95 
1.0 

) 

1.05 

I 

1.05 

0.95 

0.65 

/ 

r — 

0.95 

0.75 

1.75 

0.5 

0.55 

0.75 

0.6 

0.75 

0.55 

0.25 

0.25 
0.25 
0.35 

\ 

0.4 
0.85 

I  0.113  cc. 

0.3 

Besulta  of  Experiments  with  Jalap, — 1.  Jalap  is  a  hepatic 
stimulant  of  considerable  power.  It  renders  the  bile  more 
watery,  but  at  the  same  time  increases  the  secretion  of  biliary 
matter.  2.  Its  eflfect  on  the  liver  is  however  far  less  notable 
than  its  effects  on  the  intestinal  glands.  Its  hydrogogue 
cathartic  effects  on  these  were  fully  manifested  in  these  ex- 
periments. 


{To  he  continued.) 


REMARKS  ON  THE  ANATOMY  OF  THE  ARMS  OF 
THE  (3RIN0IDS\  Part  IL  By  P.  Herbert  Carpen- 
ter, B.A,,  of  Trinity  College,  Cambridge. 

During  the  last  few  months,  a  considerable  number  of  papers 
have  been  published,  relating  to  the  Anatomy  of  the  Crinoids' ; 
and  many  new  facts  have  been  brought  to  light,  more  especially 
with  regard  to  the  "  heart"  of  Johannes  Muller  and  Greeff,  the 
"oentrodorsal  vesicle"  of  Dr  Carpenter.  Of  the  four  observers 
who  have  recently  studied  it,  no  two  are  in  exact  accordance  as 
to  its  anatomy  and  relations ;  but  they  all  agree  aa  to  its  being 
enveloped  in  a  yellowish  fibrillar  mass,  from  the  ventral  portion 
of  which  are  given  off  five  large  radiating  cords. 

Each  of  these  cords  (as  was  shown  long  ago  by  Dr  Carpen- 
ter') originally  passes  upwards  and  outwards,  through  the  canal 
in  the  centre  of  its  corresponding  interradially  placed  basal,  in 
the  interior  of  which  it  subdivides  into  two  branches ;  and  this 
arrangement  persists  in  the  adult,  in  which  the  separate  basals 
are  replaced  by  the  ''rosette,"  which  is  the  product  of  their 
metamorphosis. 

These  pairs  of  branches  enter  two  adjacent  orifices,  on  the 
internal  faces  of  the  several  contiguous  pairs  of  first  radials,  be- 
tween which  the  salient  angle  of  each  basal  originally  projected. 
Thus,  each  first  radial  receives  cords  from  two  basals ;  and  the 
two  adjacent  cords  of  each  pair  of  contiguous  radials  are  con- 
nected by  lateral  commissural  bands ;  the  whole  system  consti- 
tuting what  is  regarded  by  Dr  Carpenter  as  a  sort  of  circular 
commissure.  After  giving  off  their  lateral  branches  for  the 
lodgement  of  the  commissural  bands,  the  two  canals  contained 
in  every  first  radial  coalesce  into  one  towards  its  distal  border ; 
and  this  single  canal  is  continued  as  far  as  the  third  or  axillary 
radial,  in  which  it  divaricates  into  the  two  brachial  canals. 

Dr  Carpenter's  account  of  this  arrangement  has  recently 
been  confirmed  by  Ludwig  (9),  who  has  further  shown  that  the 

I  Bead  in  Seotton  I)  at  the  Glasgow  meeting  of  tfao  British  Assooiation, 
September,  1876. 

^  A  list  of  these  is  given  at  the  end  of  this  Gommnnication. 
»  Phil.  Tnin$,  1866,  pp.  714,  738,  Plate  xlh. 
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two  cords  which  separately  enter  the  first  radials  remain  dis- 
tinct beyond  the  circular  commissure,  and  run  side  by  side  in 
the  single  canal,  until  they  reach  the  third  radials  or  axiUaries, 
where  they  interchange  fibres  by  means  of  a  chiasma  and  of  a 
simple  commissure ;  so  that  the  axial  cord  of  each  of  the  arms 
borne  by  the  axillary  radial  receives  two  sets  of  fibres  from  the 
central  mass  enveloping  the  centrodorsal  vesicle. 

This  fact,  which  I  have  recently  been  able  to  verify,  is  of 
considerable  importance  in  its  bearing  on  Dr  Carpenter's  views, 
as  to  the  nervous  character  of  this  fibrillar  envelope,  and  of  the 
axial  cords  of  the  arms  which  proceed  firom  it.  Dr  Carpenter's 
recent  experiments  at  the  Zoological  Station  at  Naples  (5)  sup- 
port his  previously  expressed  views  so  very  strongly,  that  both 
Ludwig,  who  at  first  (3)  denied  them  altogether,  and  Greeff, 
seem  from  their  latest  publications  (8,  9)  to  have  tacitly  ac- 
cepted them.  Teuscher  (6),  who  seems  to  have  been  unac- 
quainted with  the  recent  investigations  of  other  observers, 
appears  to  have  arrived  at  the  conclusion  that  the  axial  cords 
are  nerves,  by  a  sort  of  process  of  exclusion,  but  he  comments 
on  the  morphological  difficulties  which  this  view  seems  to  him 
to  involve*. 

The  axial  cords  proceeding  from  the  envelope  of  the  centro- 
dorsal vesicle  were  regarded  by  Miiller  as  hollow,  and  as  com- 
municating with  its  cavity.  Dr  Carpenter,  however,  describes 
them  as  solid  (2,  5) ;  and  he  is  followed  by  Teuscher  (6)  and 
Ludwig  (9),  who  have  been  unable  to  discover  any  definite 
canals  in  their  interior.  Qreeff,  on  the  other  hand,  spoke  of 
them  at  first  (1)  as  enclosing  radial  vessels ;  which  form,  if  I 
imderstand  him  rightly,  a  closed  blood^ vascular  system  in  con- 
nection with  the  heart,  but  he  admits  his  inability  to  follow 
them  far  beyond  the  radial  axillaries.  In  his  second  paper  (8), 
however,  in  which  he  seems  to  admit  the  nervous  character  of 

^  Ludwig,  apparently  misled  by  my  remarks  (41  as  to  the  morphologiflal 
difficulties  presented  by  the  existence  in  the  Giinoias  of  two  nervous  systemB, 
a  dorsal  and  a  ventral,  attributes  to  me  (9)  a  doubt  as  to  the  existence  of  an 
oral  nervous  ring.  So  far,  however,  is  tms  from  being  the  case,  thai  I  was 
acquainted  with  the  ventral  nerve  and  nerve- vessel  in  the  peristomial  area  of 
both  Antedan  Esckriehtii,  and  Aetinometra  nigral  as  long  ago  as  last  December, 
some  time  before  the  appearance  of  any  papers  upon  the  subject;  although  from 
want  of  material  I  was  unable  satisfactorily  to  demonstrate  the  existence  of  an 
entire  nervous  ring,  of  which  I  have  since  been  able  to  satisfy  myself  com- 
pletely. 
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the  axial  cords,  he  states  that  he  has  been  able  to  inject  the 
"heart"  and  the  yessels  proceeding  from  it,  far  out  into  the 
arm%  but  that  he  is  not  sure  whether  the  yessels  are  in  the 
interior,  or  on  the  exterior  of  the  axial  cords. 

The  view  that  these  cords  are  nerves  is  strongly  supported 
\>j  the  very  remarkable  and  regular  manner,  in  which  these 
cords  give  o£f  branches  in  the  centre  of  each  segment  of  the 
arms  and  pinnules.  I  have  already  (4)  described  these  branches 
in  Aciinamebu,  and  have  found  them  also  in  three  species  of 
Antedon,  A.  rosaceibs,  A.  ceUtcus,  and  A.  Edchrichtii,  though  they 
are  far  less  developed  than  in  Actinometra;  this  is  probably  due 
to  the  fact  that  in  Actinometra,  at  any  rate  in  the  species  which 
I  have  examined,  there  is  a  pair  of  muscles  between  every  two 
successive  pinnule  segments,  while  these  pinnule  muscles  are 
absent  in  Antedon;  for  Dr  Carpenter  has  shown  (2)  that 
branches  which  come  off  from  the  axial  cords  of  the  arms  are 
distributed  upon  the  ends  of  the  muscular  bundles  connecting 
their  successive  segments.  None  of  the  Qerman  observers  seem 
to  be  acquainted  with  these  branches,  for  they  make  no  mention 
of  them. 

Further,  if  the  axial  cords  are  not  nerves,  and  the  ventral 
bands  are  to  be  regarded  as  the  only  nervous  structures  in  the 
whole  Crinoid  organization,  the  difficulty  presents  itself,  that 
the  oral  pinnides  of  the  European  Crinoids,  and  more  than  half 
the  arms,  with  the  majority  of  the  pinnules,  of  some  forms  of 
Acttnometra,  are  entirely  devoid  of  a  nervous  supply. 

The  oral  pinnules  of  Antedon  have  been  shown  by  Dr  Car- 
penter (2)  to  be  extremely  susceptible  of  irritation;  when  they 
are  touched  in  the  living  animal,  the  whole  circlet  of  arms  is 
suddenly  and  simultaneously  coiled  up  over  the  disc :  while  irri- 
tation of  one  of  the  ordinary  pinnules  is  simply  followed  by 
flexion  of  the  arm  which  bears  it. 

The  structure  of  these  oral  pinnules,  which  are  borne  in 
Antedon  rosaceus  by  the  second  brachials,  differs  very  consider- 
ably from  that  of  the  pinnules  borne  by  the  other  brachial 
s^ments :  for  not  only  are  they  sterile,  but  they  have  neither 
tentacular  apparatus  nor  ambulacral  groove ;  their  ventral  sur- 
face being  slightly  convex,  instead  of  being  concave,  as  in  the 
ordinary  arms  and  pinnules.    This  has  been  mentioned  by 
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Teusch^r  (6)^  but  he  has  omitted  to  state  that  tlie  ordinary 
ciliated  epithelium  of  the  ambulaoral  groove,  with  its  subjaoent 
nervous  layer  and  nerve-vessel,  are  also  absent. 

This  condition,  which  is  limited  in  Antedon  rosaceiis  to  the 
oral  pinnules,  sometimes  exists  in  whole  arms,  and  in  all  the 
pinnules  borne  by  them,  in  Ac^inometra  armata ;  and  also  in 
other  species  of  the  same  genus,  in  which  the  mouth  is  ezcen* 
trie,  and  the  anus  central  or  subcentraL  From  the  peristomiai 
area  radiate  the  ambulacral  grooves  of  the  venl^al  sur&ce  of 
the  disc  and  arms;  and  those  arms  which  oome  off  from  the 
oral  side  of  the  disc,  always  have  distinct  ambulacral  grooves 
on  their  ventral  surface,  with  a  well-developed  tentacular 
apparatus. 

These  grooves,  however,  do  not — as  in  the  European  species 
— give  off  regular  branches  to  the  pinnules  borne  by  the  third 
and  the  immediately  following  brachial  s^ments:  but  a  vari- 
able number  of  these  first  pinnules,  sometimes  only  three  or 
four,  sometimes  as  many  as  forty,  resemble,  in  this  respect,  the 
oral  pinnules ;  their  ventral  surface  being  convex,  without  any 
ciliated  epithelium,  nervous  band,  or  nerve-vessel;  and  their 
tentacular  canal  (water-vessel)  being;  simple,  without  any  lateral 
extensions  to  respiratory  leaves  and  tentacles. 

In  correspondence  with  this  suppression  of  the  ordinary  re- 
spiratory apparatus,  the  subtentacular  and  cceliac  canals,  which 
are  more  directly  connected  with  the  body-cavity  than  the  ten- 
tacular canal,  seem  to  take  on  a  respiratory  character ;  for  they 
are  connected,  some  four  or  five  times  in  each  segment,  by  large 
lateral  canals  (fc.  Fig.  1),  which  lie  between  the  perisome  of 
the  side  of  the  pinnule,  and  the  large  genital  canal  with  its  con- 
tained ovary  or  testis;  thus  increasing  the  aerating  surface  to 
which  the  chylopoietic  fluid,  mixed  with  the  sea  water  that 
finds  its  way  into  the  body-cavity  through  the  numerous  ciliated 
funnels  on  the  ventral  surface  of  the  disc,  is  exposed. 

In  these  oral  arms,  however,  branches  of  the  ambulacral 
groove  enter  the  pinnules  sooner  or  later  ;  so  that  the  terminal 
ones  are  always  provided  with  a  distinct  tentacular  apparatus. 
But  the  case  is  usually  very  different  with  some  of  the  arms 
which  come  off  from  the  aboral  side  of  the  disc  ;  one  or  more 
of  them  having  no  groove  whatever,  and  being  itself,  with  all 
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TraucrerH  Motion  of  s 

te.  Tentwjnlai  oantJ,  or  water-TMsel. 

X.  FicDkODted  ^ll^lkf  thi«^tfti>iftg  of  itA  floor, 

jtc*  Rnnttint^ini  It  cuul. 

le.  lAtaral  osnml  aonneatine  the  sabt«ntMiiIu  miwI  with 
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d,  Ciliitted  diTerttonlnm  of  the  ocsliae  cuiaL 

ge,  OoiUal  euul;  only  aepanM  from  the  otEllae  MmaJ  h7  » this  putUkiii 

(W.  Otmj, 

p.  Conneetive  Mid  other  tianee  of  pouome, 

(.  Orsuiio  baalB  of  Bkeleton. 

n,  AxUl  oord :  or  narra. 

b'.  Iti  braiiohes,  loct  in  epidennio  itmotiires. 

its  pinnules,  entirely  devoid  both  of  ventral  nerve  and  of 
tentacular  apparataa.  The  proportion  of  these  non-tentacu- 
Uferous  arms  varies  greatly  in  different  individuals.  In  the 
ten-armed  AtHnometra  Solaris,  I  have  met  with  individuals 
in  vhich  all  the  arms  were  normal  and  tentaculiferous ;  and 
others  in  vhich  fonr  out  of  the  ten  were  non-tentaculiferoue. 
In  the  nine  specimens  of  A.  aivtata  brought  by  Professor 

1  This  figOTB  is  nude  up  from  tonr  tueetttive  aeotiona :  the  neiTe-brmiiahes 
■ud  lateral  oanali  mn  so  obliquely  to  the  long  axis  of  the  pinnnle,  thst  they 
US  not  seen  throughout  their  whole  length  in  any  riDgle  traaererse  eeetkm. 
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Semper  from  the  Philippines,  in  which  the  total  number  of 
arms  varies  from  13  to  39, 1  have  found  the  proportion  to  vary 
from  f^  and  ^  to  ^  and  ^ :  while  in  one  varietal  form  all  the 
33  arms  were  of  the  ordinary  character;  and  in  the  three 
specimens  of  A.  fimbriata  which  I  have  examined,  all  the 
23  or  24  arms  were  normal  and  tentaculiferous. 

Even  on  the  disc,  the  difference  between  the  oral  and  the 
aboral  grooves  is  obvious  to  the  unassisted  eye:  and  my 
sections  through  the  latter  have  shown  me,  that  when  the 
arms  supplied  by  these  grooves  have  no  tentacular  apparatus, 
that  apparatus  and  the  ventral  nerve  are  entirely  wanting  in 
the  corresponding  grooves  of  the  disc.  Near  the  mouth,  theae 
non-tentaculiferous  grooves  are  fairly  distinct^  although  they 
are  by  no  means  so  deep  as  the  ordinary  grooves,  and  have 
no  respiratory  leaves ;  but  as  they  approach  the  margin  of  the 
disc  they  become  flattened  out,  and  are  usually  entirely  ob- 
literated in  the  arms  after  the  first  few  brachial  s^ment&  In 
some  cases,  however,  the  groove  extends  some  way  into  the 
arms,  and  gives  off  branches  to  the  pinnules;  but  it  has  no 
epithelial  and  nervous  floor,  and  its  walls  contain  branches, 
not  of  the  tentacular,  but  of  the  subtentacular  canal,  which 
thus  would  seem,  as  in  the  pinnules,  to  take  on  a  more  definite 
respiratory  function. 

Another  difference  between  these  two  types  of  arms  is  that 
the  curious  problematical  "sense-organs'*  which  I  have  men- 
tioned in  a  former  paper  (4),  are  limited  to  the  .terminal 
pinnules  of  the  non-tentaculiferous  arms.  The  three  last  s^- 
ments  of  these  pinnules  are  very  small,  but  the  centre  of 
the  dorsal  surface  of  each  of  the  next  seven  or  ten  segments 
is  occupied  by' one  of  these  curious  bodies,  which  when  viewed 
from  the  exterior  appears  as  a  rounded  brownish  mas8^ 

It  will  be  evident  from  what  has  been  said  above,  that  in 
some  species  (e.g.  A.  armata,  and  A.  Solaris)  of  the  genus 
Actinometraf  two  very  distinct  types  of  arms  may  exist :  the 
ventral  surface  of  the  one  having  a  distinct  ambulacral  groove,, 
lined  by  a  ciliated  epithelium,  underneath  which  lie  the  ventral 

1  An  aooount  of  the  histologioal  oharftoter  of  these  ozgans,  as  to  the  fanetion 
of  which  I  am  ahnoBt  completely  in  the  dark,  wiU  appear  in  my  paper  on  the 
anatomy  of  this  interesting  species. 
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nerve  and  nerve-yessel,  and  being  provided  with  a  relatively 
large  tentacular  canal,  which  sends  off  alternating  branches 
to  the  respiratory  leaves  and  tentacular  apparatus,  borne  by 
the  walls  of  the  groove ;  while  in  the  other  type  of  arm  there 
is  either  no  groove,  or  only  a  very  shallow  one,  and  neither 
ciliated  epithelium,  ventral  nerve,  nerve-vessel,  nor  tentacular 
apparatus.  It  is  exclusively  in  the  terminal  pinnules  of  this 
latter  type  of  arm,  that  the  above-mentioned  doubtful  "  sense- 
organs  "  occur.  Occasionally,  though  not  often,  this  distinction 
is  so  marked,  that  of  the  two  arms  borne  upon  the  same 
tertiary  (brachial)  axillary  segment^  one  may  be  tentaculiferous 
with  a  ventral  nerve,  and  the  other  non-tentaculiferous  without 
a  ventral  nerve :  more  usually,  however,  the  passage  from  the 
one  type  to  the  other  is  marked  by  the  interval  between  the 
secondary  (palmar)  or  primary  (distichal)  axillaries. 

Fig.  1.  represents  the  arrangement  of  the  organs  in  one 
of  the  ordinary  non-tentaculiferous  pinnules  of  Actinametra 
armatcL  The  distribution  of  the  branches  vl  of  the  axial 
cord  (nerve)  is  extremely  variable,  and  never  the  same  on  the 
two  sides  of  the  same  pinnule,  or  in  two  successive  segments ; 
but  they  all  come  off  from  four  main  trunks,  two  dorsal  and 
two-  ventral,  and  eventually  lose  themselves  in  epidermic 
structures.  The  arrangement  of  the  lateral  canals,  too,  is  very 
variable;  and  liie  two  ventral  nerve-trunks  may  either  run 
round  them,  as  represented  in  the  figure,  or  pass  between  two 
successive  canals  of  the  same  segment :  these  trunks  occasionally 
exhibit  small  swellings,  either  at  the  points  at  which  they  are 
about  to  divide  or  in  other  parts  of  their  course. 

There  is  one  other  point  in  the  anatomy  of  the  arms  of 
Actinometra  armata,  to  which  I  desire  to  call*  attention.  In 
Antedon,  in  which  the  mouth  is  central,  and  the  interradial 
areas  of  the  ventral  surface  of  the  disc  nearly  equally  developed, 
the  ciliated  funnels  leading  from  the  exteri(Mr  into  the  peri- 
visceral cavity  are  distributed  with  tolerable  regularity  in 
these  areas.  In  A.  armata,  however,  and  probably  in  the 
other  species  of  the  genus,  in  which  the  mouth  is  pushed  to 
one  side  by  the  great  development  of  that  interradial  area 
in  which  the  anus  lies,  the  funnels  are  practically  limited  to 
the  margin  of  the  disc,  and  the  central  or  anal  area  is  almost  or 
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qiiite  destitute  of  them ;  though  they  are  very  abundant  be- 
tween the  subdivisions  of  the  main  ambulacral  grooves,  pro* 
ceeding  from  the  peristomial  area.    They  also  extend  out  intQ 
the  arms  as  far  as  the  sixth  brachial  segment,  which  is  usually 
the  first  to  beac  a  genital  pinnule :  here  however  they  do  not 
lead,  afi  might  naturally  be  expected  from  their  relations  in  the 
disc,  into  the  subtentacular  canal,  but  into  the  genital  canal ; 
though  as  this,  like  the  subtentacular  and  coBliae  canals,  is  in 
direct  communication  with  the  body-cavity,  the  analogy  be- 
tween these  funnels,  taken  as  a  whole,  and  the  madreporic 
canals  c^  the  other  Echinoderms,  is  not  disturbed  in  any  great 
degree.    In  Antedon^j  these  funnels  of  the  disc  lead  into  a 
system  of  sinuses,  described  by  Dr  Carpenter  (2)  as  ''left  by 
the  incomplete  adhe^sion  of  the  peritoneum  covering  the  upper 
surface  of  the  visceral  mass,  to  the  parietal  layer  which  lines 
the  under  surface  of  the  oral  perisome:''  they  are  thus  parts 
of  the  ccelom,  but  are  described  (I  believe  erroneously)  by 
Teuscher  (6),  as  in  connection  laterally,  with  the  subtentacular 
canals  of  the  disc ;  his  figures,  however,  do  not  show  this  con- 
nection, and  it  is  not  mentioned  by  either  Grimm  ^  Qreeff, 
Dr  Carpenter,  or  Ludwig. 

Like  his  predecessors,  Teuscher  has  been  considerably 
misled  by  the  differences  between  Professor  Semper's  figure' 
of  a  section  of  an  arm  of  A.  armata,  and  the  appearances 
presented  by  a  section  of  an  arm  of  AnUdon  roaaceus;  and 
in  an  endeavour  to  explain  these  differences,  he  has  recourse 
to  the  hypothesis,  that  the  ovaries  figured  by  Professor  Semper 
were  really  the  subtentacular  canals,  into  which  ova  had  acci- 
dentally fotmd  their  way.  That  this  hypothesis  is  an  unneces- 
sary one  win  h^  evident  from  my  previous  paper  (4) :  the 
ovaries  in  Actijuymetra  armata  really  do  extend  into  the  arms, 
and  are  there  connected  with  the  rachis,  as  described  by  Pro- 
fessor Semper,  though  Teuscher  seems  to  doubt  it:  and  the 
subtentacular  canal  is  single,  not  double  as  supposed  by 
Teuscher,  and  is  the  one  figured  as  tc  by  Professor  Semper. 
The  subtentacular  canals  are  called  by  Teuscher  the  lateral 

^  BulletvM  de  VAead,  Impir.  de  St  Pitersb.  1872,  pp.  8—8. 
*  "Kurze  anatomisofae  Bemerknngen  tiber  Comatola."    Arheiten  am  dem 
Zool  Zoot.  InttUtU  in  WUrzburg.  Band  i.,  1874,  p.  259. 
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vessels,  and  the  coeliac  canal  the  muBcular  vessel;  and  he 
appears  to  be  unacquainted  with  the  nomenclature  proposed 
ten  years  ago  by  Dr  Carpenter,  and  since  adopted  by  Ludwig. 

In  the  course  of  the  next  few  months  I  hope  to  be  in 
a  position  to  publish  a  complete  account  of  the  anatomy  and 
systematic  position  of  Actinometra  armata,  in  the  Arbeiten 
au8  dem  ZooL  Zoot  Institut  in  WWrzhurg. 

I  subjoin  an  account  of  the  recent  literature  of  the  sub- 
ject, and  beg  to  return  my  best  thanks  to  those  gentlemen 
who  have  favoured  me  with  copies  of  their  papers. 

1.  B.  Greet  Ueber  den  Bau  der  Crinoideen.  SUamngtberiehie 
d,  Ges.  z.  Be/,  d,  gee.  Natw.  0U  Mofrbwrg,  Ka  1.  Jan.  13,  1876. 
RK  16 — 29. 

2.  W.  B.  Carpenter.  On  the  Stmctore,  PhyBiology,  and  De- 
velopment of  Antedon  rosaceus.  Proceedings  of  the  Moyal  Socieiy. 
No.  166.     Jan.  20/  1876.     pp.  211—231,  pi.  8,  9. 

3.  H.  Lad  wig.  Beitrage  asur  Anatomie  der  Crinoideen.  Nacb* 
riditen  von  der  K&mgl.  O^KUachaft  der  Wiaseneckc^ten,  und  der 
G.  A,  UnivernUU  zu  GdUingm,  No.  5.  Feb.  23,  1876.  pp.  105— 
114. 

4.  P.  Herbert  Carpenter.  Bemarks  od  the  Anatomy  of  the 
Arms  of  the  Crinoids.  Part  I.  JownuA  of  Anatomy  and  Pkgevoiogy. 
Vo).  X.     April,  1876.    pp.  571—685. 

5.  W.  B.  Carpenter.  Supplemental  note  to  the  above  paper. 
Froeeedinge,  R.  S.    No.  169.     1876.    pp  1—4. 

6.  R  Tenscher.  Beitrage  zur  Anatomie  der  Echinodermen.  I. 
Gomatula  mediterranea.  Jenaieche  Zeiteehrift  Bd.  x.  pp.  243— 
260.     Taf.  VII. 

7.  A.  GkStte.  Yei'gleiehende  Entwii^ekmgsgesehichtederComar 
iola  mediterranea.  Arch,  f  mieroBe,  Anai,  Bd.  xii.  1876.  pp. 
583 — 648.     Taf.  xxv.— xxviii. 

8.  B.  Greeff.  TTeber  das  Herz  der  Crinoideen.  Mariurg  SiiZ' 
ungaherickU.     No.  5.     May  18,  1876.     pp.  88—95.    ' 

9.  H.  Ludwig.  Beitriige  zur  Anatomie  der  Crinoideen.  II. 
GoUtnger  NcuihrichUn.     No.  13.     June  28,  1876.     pp.  1—9. 


ON  THE  STRUCTURE  OF  THE  RETINA.  By  J.  G 
EwART,  M.B.,  University  College,  London,  and  G.  Thin, 
M.D.,  Lmdm.    (PL  III.) 

The  following  is  an  abstract  of  a  paper  sent  to  the  Editors  of  ibis 
Journal,  in  whioh  we  endeavoured  to  connect  the  results  of  our 
observations  with  those  of  observers  during  the  last  few  years.  We 
refer  especially  to  the  memoirs  of  Landolt,  Krause,  Golgi  and  Man- 
fi?edi,  and  Schwalbe,  and  also  to  the  views  of  Heinrich  Miiller, 
Kolliker,  and  Max  Schultze.  Further,  in  consideration  of  the  number 
of  new  points  raised  and  the  divergence  of  some  of  our  views  from 
those  generally  taught^  we  deemed  it  advisable  to  explain  in  detail 
the  methods  employed  during  the  investigation.  The  result  of  this 
was  that,  notwithstanding  our  attempt  to  be  concise,  the  paper  as- 
sumed such  dimensions  that  the  Editors  returned  it  with  a  request 
that  it  should  be  shortened.  To  meet  their  desire  we  have  omitted 
all  reference  to  technical  details  and  methods,  and  stated  our  con- 
clusions with  as  much  brevity  as  is  consistent  with  deamess,  and 
have  almost  entirely  abstained  from  allusions  to  other  writers.  This 
we  have  done  with  great  regret. 

Our  position  in  regard  to  other  investigators  will  become  evident 
if  our  remarks  are  read  in  connection  with  the  resume  given  by 
Schwalbe  in  his  valuable  article  on  the  retina  in  the  Handbnch  lately 
published  under  the  editorship  of  von  Graefe  and  Saemisch. 

To  fellow-workers  we  will  gladly  communicate  any  information 
desired  concerning  the  methods  employed,  or  regarding  any  matter 
briefly  touched  on  in  lihe  text. 

The  nomenclature  used  throughout  this  paper  is  from  within  out- 
wards, as  follows;  1.  Membrana  limitans  interna.  2.  Layer  of 
optic  nerve  fibres.  3.  Layer  of  Ganglion  cells.  4.  Molecular  layer. 
5.  Internal  granule  layer.  6.  Intergranule  layer.  7.  External 
granule  layer.  8.  Membrana  limitans  externa.  9.  Bacillary  layer. 
10.  Layer  of  pigment  epithelium. 

Before  examining  these  layers  it  will  be  well  to  begin 
with  a  description  of  the  radial  fibres  {Radial-fasem  of  H. 
MUUer). 

In  the  frog's  retina,  these  when  examined  in  glycerine  after 
staining  the  whole  retina  in  a  solution  of  purpurine,  appeared, 
in  the  first  place,  as  flattened  cylindrical  bands  faintly  fibril- 
lated  on  their  surface,  with  even  contoured  borders,  and  one 
or  more  nuclei  adhering  to  them  at  different  points.  These 
correspond   to  the  radial  fibre  figured  by  Schwalbe.     In  the 
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next  place  they  may  be  seen,  as  described  by  Muller  and  EdI- 
liker,  to  consist  of  well-defined  fibres  generally  enclosing  nuclei 
as  they  pass  through  the  internal  granule  layer.  On  careful 
examination  the  fine  fibre  of  Miiller  and  Eolliker  may  be  often 
found  enveloped  by  the  flattened  cylindrical  band  of  Schwalbe, 
Figs.  2  and  3.  Hence  this  band  forms  a  loose  investing  sheath 
for  the  true  fibre.  The  extent  to  which  the  fibre  is  enveloped 
by  membranous  substance  depends  on  the  mode  of  preparation 
and  produces  a  great  variety  of  appearances.  Frequently  the 
fibre  has  been  quite  freed  from  membrane  except  at  the  inner 
end.  When  this  is  the  case  the  remnant  of  membrane  left 
forms  the  well-known  trumpet-shaped  end  of  a  fibre  {Badial- 
faserhegeX)  described  and  figured  by  Scbwalbe  and  MUller. 

The  nucleus  of  the  fibre,  Fig.  2  ft,  is  apt  to  be  mistaken  for 
nuclei  lying  on,  but  not  in,  the  fibre.  It  lies  in  a  lozenge- 
shaped  swelling,  and  is  best  seen  in  purpurine  preparations 
stained  with  log-wood.  Differing  from  the  narrow  elliptical 
nucleus  in  the  fibre  are  other  nuclei  adhering  to  the  mem- 
branous sheath  of  the  fibre.  These  nuclei  are  either  large  and 
oval,  and  correspond  to  one  of  the  so-called  granules.  Fig.  3  e ; 
or  are  small  and  round,  and  belong  to  elongated  cells  lying  on 
the  membrane,  one  of  which  from  a  purpurine  preparation  is 
figured  at  1  dL 

Differing  firom  the  authorities  already  referred  to,  we  have 
found  the  true  radial  fibres  of  the  frog's  retina  extending 
beyond  the  external  limiting  membrane,  to  the  outer  segments 
of  the  rod& 

We  will  now  describe  the  different  layers. 

The  membrana  limitcms  interna. — ^This  Kolliker  considers 
an  independent  membrane :  but  Schwalbe  and  Schultze  believe 
it  to  be  ''a  piece  of  the  hyaloid  membrane  to  which  radial 
fibres  have  adhered.''  In  papers  previously  published  by  one 
of  ub\  the  membrana  limitans  interna  is  described  as  distinct 
from  the  hyaloid  and  as  covered  with  a  layer  of  epithelial  cells. 
Of  the  existence  of  this  membrane  and  its  .layer  of  cells  we 
have  obtained  further  evidence  during  the  present  investiga- 
tion. Fig.  8  shows  part  of  an  extensive  layer  of  cells  from 
the  retina  of  a  sheep  preserved  in  carbolized  serum.    The  cells, 

'  Journal  of  Anatomy  and  Phy*iolopy^  May  nnd  November,  1874. 
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•mostly  hexagonal,  were  seen,  on  regulating  the  focus,  to  form 
a  double  layer  over  a  considerable  part  of  the  surface,  and 
under  them  the  optic  nerve  and  ganglionic  cells  were  distinctly 
seen.  The  difference  between  these  hexagonal  cells  and  the 
silver  markings  that  indicate  the  ends  of  the  radial  fibres  is 
well  brought  out  by  comparing  Fig.  8  with  Tig.  9. 

In  the  frog  we  have  demonstrated  the  cells  and  the  mem- 
brane on  which  they  lie  both  with  gold  and  osmic  acid,  and  we 
have  seen  external  to  the  membrane  the  network  of  blood*vessel& 
The  hexagonal  form  of  the  cells  is  imperfectly  shewn  in  Fig.  6, 
a  silver  preparation  in  which  the  intercellular  substance  alone 
is  stained.  Immediately  external  to  this  layer  of  cells,  we  find 
in  silver  preparations,  the  fields  indicated  in  Fig.  7,  the  so-called 
terminal  swellings  of  the  radial  fibres.  When  a  perfectly 
macerated  fibre  is  examined,  the  main  stem  is  seen  to  split  up 
into  minute  terminal  fibres  as  soon  as  it  becomes  internal  to 
the  molecular  layer;  aad  when  these  fibres  are  completely 
invested  by  a  membranous  expansion,  we  have  formed  the 
trumpet-shaped  structure  (Faaer-kegel)  already  referred  to  and 
indicated  in  Fig.  7.  Besides  the  fibres,  and  the  membranous 
investment,  which  may  be  more  or  less  complete,  a  varying 
number  of  nuclei  are  found,  the  position  of  which  is  indicated 
in  Figs.  3  and  4.  From  the  regularity  of  the  fields  in  the  frog's 
retina,  and  from  the  position  of  some  of  the  nuclei  across  the 
mouth  of  the  trumpet-shaped  expansion,  Fig.  4  b,  we  might 
infer  that  the  spaces  correspond  to  a  layer  of  cells.  It  is  dif- 
ferent, however,  in  the  sheep's  retina,  in  which  the  irregular 
fields  evidently  do  not  correspond  to  cell-outlines,  but  to  the 
subdivisions  and  anastomoses  of  the  radial  fibres  in  a  mem- 
branous substance  from  which  the  cells  have  disappeared*  In 
the  sheep's  retina  the  silver  lines  indicated  at  Fig.  9  are  ar- 
ranged after  a  plan  that  we  have  not  seen  noticed.  The  sur- 
face is  seen  to  be  divided  by  dark  parallel  lines  equidistant 
from  each  other,  and  the  fields  in  one  division  never  cross  the 
line  into  another. 

In  our  remarks  on  the  layer  of  optic  nerve-fibres  we  pass 
over  the  consideration  of  that  part  of  it  undoubtedly  nervous  in 
its  nature :  and  only  notice  what  we  believe  to  b^  most  pro- 
bably, connective  tissue. 
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In  our  preparations  we  found  delicate  fibrillary  bundles, 
the  fibrils  of  which  had  no  Taricosities,  were  very  slightly 
stained,  and  had  no  characteristic  nervous  structure.  We  also 
found  among  the  fibrillary  bundles  an  abundant  reticulum  of 
colourless  delicate  fibres^  contrasting  markedly  with  these. 

In  addition,  we  observed  many  elongated  narrow  cells  ap- 
plied to  the  surface  of  the  smaller  bundles.  These  were  found 
to  be  of  a  fixed  and  definite  type ;  but  their  number  varied  in 
different  preparations,  Fig.  11.  Indeed  from  the  large  number 
of  nuclei  seen,  we  feel  sure  that  only  a  small  proportion  of  these 
cells  was  shown.  We  may  finally  say,  on  this  point,  that 
nuclei  of  a  larger  size  were  also  seen,  most  probably  nuclei  of 
cells  differing  from  those  already  described.  By  our  present 
modes  of  preparation  we  are  unable  to  determine  whether  these 
cells  completely  invest  the  bundles  or  not.  They  may,  however, 
be  identical  with  those  cells  occasionally  found,  in  teased  pre- 
parations, adhering  to  the  inner  ends  of  the  radial  fibres. 

Oanglionic  cell-layer.  —  In  regard  to  this  layer  we  have 
nothing  new  to  add  to  what  has  been  already  observed. 

Molecular  layer, — ^Both  on  the  external  and  internal  sur- 
faces of  this  layer  we  found  small  round  cells  investing  it  like 
an  epithelium.  Those  investing  the  inner  surface  have  a  round 
nucleus  with  only  a  small  amount  of  cell-matter.  Fig.  12,  while 
those  covering  the  outer  have  a  larger  nucleus  and  a  moderate 
amount  of  cell-substance.  Fig.  13. 

The  ground-substance  of  this  layer  was  found  to  be  made 
up  of  a  number  of  parallel  cylindrical  elements  of  uniform 
size,  and  with  a  diameter  equal  to  that  of  a  human  red  blood- 
corpuscle.  Amongst  these  elements  nuclei  could  be  detected. 
Figs.  15  and  16.  Lying  on  these  cylinders  and  investing  them, 
we  detected  cellular  elements :  but  whether  these  were  cells  or 
only  cell-nuclei,  we  have  not  as  yet  been  able  to  decide.  They 
are,  however,  almost  exact  counterparts  of  the  cells  already 
described  by  us  as  investing  the  primary  fibres  of  the  lens\ 

In  vertical  sections  we  found  in  the  frog  a  division  into 
seven  or  eight  layers,  separated  from  each  other  by  clear  spaces, 
Fig.  5.     In  one  very  successful  preparation  where  the  mole- 

s 

1  Yide  this  Journal,  VoL  z.  p.  226,  woodent  nt. 
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cular  layer  with  its  outer  investing  cells  was  isolated,  we 
noticed  a  decided  longitudinal  grooving. 

JFntemoi  gra/mde'layer, — ^We  may  regard  this  layer  as  made 
up  of  small  rounded  cells,  arranged  like  an  epithelium;  of 
radial  fibres  with  their  nuclei;  of  small  spindle  cells  and  of 
narrow  flat  cells,  sometimes  adhering  to  the  membranous  sub- 
stance connecting  the  radial  fibres.  The  fiat  cells.  Fig.  18,  we 
have  been  able  to  observe  in  the  frog,  in  situ,  in  at  least  three 
layers,  parallel  to  the  surface  of  the  retina.  In  these  cases  the 
radial  fibres  have  been  dissolved,  so  that  the  cells  are  seen  in 
their  natural  position.  We  have  also  noticed  these  cells  en* 
tangled  in  the  delicate  fibrils  given  off  from  the  radial  fibres. 

The  spindle  cells  mentioned,  Fig.  19,  most  probably  lie  in  a 
direction  perpendicular  to  the  retina,  as  when  isolated  by 
teasing  they  are  generally  parallel  to  the  radial  fibres.  We 
have  been  unable  to  distinguish  the  bipolar  ganglionic  cells  of 
Schult^e  and  Schwalbe.  What  they  describe  as  such  are  most 
probably  referable  lather  to  the  spindle  cells  or  entangled  flat 
cells  we  have  already  spoken  o£ 

IntergranuMayer. — ^The'existence  of  flattened  cells  in  this 
layer  of  the  retina  of  several  fishes  is  well  known.  In  the  frog 
we  have  found  numerous  large  flat  oval  nuclei,  lying  parallel 
to  the  surface  of  the  retina,  Fig.  21,  and  sometimes  arranged  in 
a  double  layer.  With  gold  and  formic  «cid^  we  have  isolated 
a  membranous  substance  on .  which  tiie  nuclei  probably  lie* 
To  this^  membranous  substtoce  portions  of  what  we  shall 
presently  describe  as  the  rod-pedicles  often  remain  attached. 
Fig.  21.  Besides  the  membrane  and  nuclei,  which  probably 
are  closely  related  to  it^  in  osmic  acid  preparations  long  mace- 
rated in  glycerine,  numerous  delicate  true  fibres  are  found  in 
this  layer.  Many  of  them  are:in  direct  continuity  with  the 
radial  fibres.  The  main  stem  of  the  radial  fibre  passes  through 
at  right  angles,  but  as  it  enters  gives  off  a  number  of  minute 
branches,  which  ramify  in  this  layer.  We  believe  that  all  the 
fibres  in  this  layer  have  their  origin  from  the  radial  fibres; 
thus  agreeing  with  Schultze  and  Landolt. 

In  a  frog's  retina,  treated  with  gold  and  then  macerated  for 

^  The  method  employed  was  essentially  that  described  by  Lowit  in  the  Wien. 
Akad,  SUz,-B€rieht,  Lxxi.  Band. 
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eight  days  in  formic  acid,  the  external  limiting  membrane  and 
the  intergranule-Iayer  were  seen  in  section  as  even  homoge* 
neous  vitreous  looking  bands.  This  appearance  is  indicated  in 
Fig.  20.  The  evenness  of  the  margins  of  these  bands,  together 
with  the  tact  that  they  were  neither  composed  of  cells  nor 
fibres,  indicates  the  existence  of  true  membranes.  Further,  the 
homogeneous  band  occupying  'the  position  of  the  inteigranule- 
layer  had  like  the  other  a  double  border — one  border  in  inti- 
mate contact  with  the  external  and  the  other  with  the  in- 
ternal granule-layer.  Hence,  on  the  above  facts,  and  on  what 
is  known  to  exist  in  fishes,  we  base  the  following  hypothesis : 
namely,  that  in  the  frog  the  intergranule-layer  consists  of  two 
ceUular  membranes,  which  bound  or  invest  the  granule  layers. 
This  agrees  in  the  main  with  the  ideas  expounded  by  Krause. 
The  appearance  of  flat  cells  with  processes  interspersed  in  a 
network,  described  by  Rivolta  in  the  retina  of  the  horse,  is 
probably  due  to  the  reagents  employed,  and  cannot  be  held  as 
irreconcilable  with  the  idea  of  a  continuous  layer  of  ceUs. 

External  grawoMayer. — ^This  we  shall  describe  as  made  up 
of  fibres,  membranes,  cells,  and  ground-substance.  In  some 
preparations  the  fibres  and  intercellular  substance  are  alone 
left,  forming  the  substratum  of  the  Kom  or  granule.  We  shall, 
however,  not  employ  these  terms,  but  consider  the  appearance 
described  by  them  as  made  up  of  membranes,  nuclei,  and 
ground-substance.    These  we  shall  now  consider  in  detaiL 

The  inner  s^pnent  of  a  rod  is  separated  by  a  narrow  line 
from  the  base  of  a  small  conical  mass.  The  apex  of  this  latter, 
projecting  inwards,  is  fine  and  pointed,  and  is  connected  with 
the  apex  of  a  somewhat  similar  cone,  whose  base  is  adjacent  to 
the  intergranule<layer.  These  two  we  shall  term  respectively 
the  outer  and  inner  pedicles  of  the  rods.    Fig.  14. 

Nearer  the  intergranule-layer,  and  in  the  elliptical  space 
between  adjacent  outer  and  inner  rod-pedicles,  there  lie  ellip- 
tical bodies,  pointed  at  both  extremities,  the  pedicles  of  the 
cones.  The  outer  pedicles  of  the  rods  and  the  cone-pedicles 
stain  very  faintly  with  strong  log-wood.  In  the  same  prepara- 
tion some  of  the  pedicles  seem  to  be  formed  of  a  granular 
matter  which  stains  decidedly  with  log-wood.  From  a  careful 
comparison  of  these,  it  can  be  seen  that  the  tinted  granular 
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appearaQce  does  not  belong  to  the  substance  proper  of  the 
pedicle,  but  to  an  investing  membrane. 

In  preparations  by  ordinary  methods^  nuclei  form  a  yesry 
prominent  feature  in  this  layer  in  the  frog^s  retina;  these  are 
of  two  kinds,  viz.  one  round  or  slightly  oval,  the  other  elon- 
gated, narrow,  .and  elliptical.  The  rounded  ones  are  the  nuclei 
of  cells,  which  lie  in  two  parallel  rows  between  the  external 
limiting  membrane  and  the  intergranular  layer.  Fig.  22.  i,  a 
In  the  same  way  the  elliptical  nuclei  are  the  nudei  of  cells, 
lying  in  like  double  rows  between  the  same  limits. 

In  one  preparation  the  narrow  elongated  nuclei  could  be 
seen  to  lie  on  the  finely  granular  substance  which  encloses  the 
rod  and  cone-pedicles»  Fig.  22.  a.  Especially  in  potash  prepa- 
rations^ could  they  be  seen  acting  as  investing  cells  to  these  rod 
and  cone-pedided.  The  Kolben,  described  by  Landoit  as  arising 
from  the  intergranule-layer  in  the  salamander,  we  believe  to 
be  one  of  the  narrow  elongated  cells  just  described. 

In  preparations  of  the  retina,  well  macerated  in  glycerine, 
the  radial  fibres  may  be  seen  to  unite  after  passing  through  the 
layer :  or  to  bifurcate  after  piercing  the  external  limiting  mem- 
brane. Thus  a  figure  somewhat  like  a  stirrup  is  formed  with 
its  concavity  or  convexity  turned  outwards  according  to  the 
method  of  formation.  When  the  latter  is  the  case  a  single  fifave 
may  proceed  out  fix)m  the  convexity.    Fig.  25. 

Such  of  these  stirrups  as  are  formed  on  the  outer  side  of  the 
intergranule-layer  form  the  basis  of  a  framework  for  the  lodg- 
ment of  the  cone  and  inner  rod-pedides.  The  stirrup,  with 
its  single  fibre  passing  outwards,  is  therefore  not  a  cone  bifur- 
cating, but  is  due  to  the  union:  of  radial  fibres.  There  is  no 
actual  continuity  between  the  radial  fibres  and  the  rods  and 
cones,  as  the  radial  fibres  lie  within  funnel-shaped  membranes 
enclosing  the  Komer  or  pedides.  The  reversed  stirrups  en- 
close the  outer  rod-pedide. 

All  the  fibres  observed  by  us  in  this  layer  belong  to  the 
system  of  radial  fibresv  The  membranes  we  have  spoken  of 
are  seen  as  small  filme  in  osmic  add  preparations. 

1  For  details  of  the  method  see  a  pi^er  on  Hyaline  Cartilage  in  the  Qaar- 
terly  Joum.  for  Mie.  Science,  Janaary,  J876.  The  fresh  eye  is  plaeed  entire  m 
the  Bolntton. 
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The  extemcU  Umiting  membrane. — ^The  external  limiting 
membrane  is  generally  described  as  being  formed  by  the  termi- 
nal expansion  of  the  radial  fibres.  That  there  are  fibres  in  it 
which  are  indistinguishable  from  radial  fibres  can  be  well  seen 
in  vertical  sections.  But  besides  these  and  the  true  mem* 
branous  substance  shown  in  Fig.  20.  a»  there  is  a  continuous 
layer  of  cells  in  this  membrane,  between  which  nothing  visible 
passes  from  without  inwards  except  brandies  of  the  radial  fibres, 
and  portions  of  thin  membranes  connected  with  them.  This 
layer  of  cells  may  be  demonstrated  in  the  fix)g  and  toad  1^ 
means  of  purpurine  and  gold,,  and  in  teased  preparations  the 
ceUs  may  be  seen  attached  to  the  inner  ends  of  the  inner  seg- 
ments of  the  rods. 

These  celk  must  be  distinguished  fimn  the  rounded  nuclei 
of  the  external  granular  layer,  often  seen  projecting  fiora  the 
inner  border  of  isolated  rods.  Such  nuclei  are  often  cut  across 
by  a  line  apparently  indicating  the  position  of  the  external 
limiting  membrane.  The  difference  between  the  two  nuclei  is 
seen  by  a  reference  to  Fig.  28  fr,  in  which  both  aro  indicated. 
Further,  we  believe  we  have  demonstrated  these  cells  in  the 
sheep's  retina  by  means  of  silver  and  vitreous  humour  prepara* 
tions.  A  vitreous  humour  preparation  is  represented  in  Fig.  29. 
In  the  same  preparation,  by  slight  movements  of  the  cover* 
glass,  the  cells  could  be  isolated  and  examined  free  in  the  fluid, 
and  their  position  in  several  instances  shown  by  some  of  the 
inner  segments  of  the  rods  remaining  adherent  to  the  surface 
of  the  small  isolated  patches  of  cells. 

There  is  no  continuity  between  the  inner  segments  of  the  rods 
and  cones  and  their  corresponding  pedicles  (Komer),  the  cells 
we  have  described  completely  isolating  the  one  from  the  other. 

ITie  haciUary  layer. — ^The  rods  of  the  frog's  retina  are  di- 
vided by  histologists  into  two  segments,  an  outer  and  inner- 
Between  these  two  segments  we  have  found  a  round  nucleated 
cell  completely  separating  the  one  from  the  other.  These  cells 
can  be  distinguished  from  the  Uneenformige  K^rper  of  Max 
Scbultze  in  osmic  acid  and  potash  preparations,  FigSw  30  and 
31.  Sometimes  in  potash  preparations  a  number  of  the  outer 
segments  separate  in  a  mass  from  the  rest  of  the  retina  with  a 
complete  layer  of  cells  attached  to  their  inner  ends.    Fig.  32. 
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'  Lying  at  the  outer  end  of  tlie  inner'  segment  is  tbe  appear- 
ance described  as  the  lens-shaped  body  (linsenfSrmige  Korper), 
This  body,  like  the  outer  segment,  stains  in  osmic  acid  and  log- 
wood a  dark  bluish  colour,  and  contrasts  strongly  with  the  rest  of 
the  inner  segment,  which  remains  almost  unstained.  In  potash 
preparations  the  lens-ahaped  body  is  seen  forming  a  distinct 
short  and  almost  square  middle  s^ment  quite  as  completely 
divided  from  the  inner  as  the  outer  segment  It  is  homo- 
geneous in  structure,  and  resembles  closely  the  substance  of  the 
outer  segment,  apd  like  it  differs  from  the  rest  of  the  inner 
segment  by  being  more  resistent 

Looked  at  one  way,  the  inner  segment  is  of  an  equal  breadth 
throughout,  but  when  it  rolls  over  it  appears  as  a  double  con- 
cave narrow  band.  The  oval  space  left  between  the  concave 
margins  of  adjacent  inner  segments  is  partly  occupied  by  the 
inner  segments  of  the  cones.    * 

By  several  methods  we  have  succeeded  in  demonstrating 
cells  lying  on  the  inner  s^ments  of  the  cods.  In  purpurine 
preparations  macerated  in  glycerine  numerous  nuclei  and  fine 
fibres  are  found  in  the  position  of  the  rods  and  cones,  and  in 
osmic  acid  and  potash  preparations  the  complete  cells  are 
occasionally  found.  These  cells  are  long,  narrow,  and  tapering 
towards  the  external  limiting  nvembrane.  One  of  them  is 
riapresented  in  Fig.  34.  It  resembles  the  ''Kolben"  described 
by  Landolt  in  the  external  granule  layer. 

We  have  also  seen  nuclei  on  the  outer  segments  of  the  rods, 
and  agree  with  those  histologists  who  believe  the  outer  s^- 
ments  to  be  ensheathed  by  a  membrane. 

We  have  not  seen  the  axial  thread  described  by  Bitter 
in  the  outer  segments  of  the  rods,  but  we  have  sometimes  seen 
an  artificial  canal  produced  by  the^  gold  solution. 

In  the  mouse  and  the  rat  the  outer  segments  stain  in  osmic 
acid  darker  than  the  inner,  but  the  difference  is  not  so  great 
as  in  the  frog.  The  line  of  separation  between  the  two  is 
well  marked^  and  large  masses  of  the  outer  segments  are  easily 
detached* 

There  are  probably  also  narrow  eells  on  the  inner  segments 
of  the  cones  of  the  retina  of  the  frog  and  hen.  Fig.  35  shows 
several  nuclei  seen  on  one  oone  while  it  revolved  under  the 
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covet-glass  from  a  retina  treated  with  nitrate  of  silver  and 
examined  in  glycerine.  An  entire  cell  from  a  gold  and  formic 
add  preparation  is  ifepresented  in  Fig.  35  a.  The  outer  seg- 
ments of  the  cones  in  the  fr^  pass  beyond  the  cells  lying 
between  the  outer  and  inner  segments  of  the  rods,  and  thus 
must  pass  through  the  small  openings  left  between  the  round 
cells  already  described. 

When  describing  the  radial  fibres,  we  mentioned  that  they 
extended,  beyond  the  external  limiting  membrane.  At  the 
external  limiting  membrane  two  fibres  may  form  an  arch  and 
enclose  within  it  the  cell  of  the  external  limiting  membrane. 
J'rom  this  arch  or  stirrup  one  or  two  fibres  may  pass  outwards, 
forming  part  of  the  framework  which  supports  the  cells  and 
membrane  of  the  inner  segments  of  the  rods  and  cones.  Other 
fibres  pass  straight  through  the  membrane,  and  may  then 
bifurcate.  Figs.  25  and  27  represent  these  different  appear- 
ance8\ 

The  pigment  epUhsUum  of  the  Setina. — This  has  been  ex- 
amined in  the  frog,  sheep,  and  ox :  and  from  a  consideration 
of  our  pareparations,  we  have  come  to  a  conclusion  completely 
opposite  to  that  of  all  previous  observers.  The  pigment  is^ 
we  believe,  always  external  to  the  substance  of  the  cell  Figs,  36, 
87,  and  38.    The  grounds  for  this  belief  are  as  follows. 

By  manipulation,  the  pigment  may  be  removed  as  a  con- 
tinuous layer  from  one  part,  so  that  we  can  obtain  cells  free 
from  pigment,  and  others  covered  by  it.  If  a  few  pigment- 
granules  remain,  they  can  be  seen  to  adhere  to  the  surface 
of  the  celL  Indeed,  by  care,  the  pigment  may  be  left  ad- 
herent to  the  outer  ends  of  the  rods  and  cones,  and  the  cells 
left  free  from  pigment.  Probably  the  pigment-granules  ate 
oemented  to  the  cells  by  a  clear  viscid  substance. 

This  hypothesis  that  the  pigment  is  outside  the  cells, 
gives  a  better  explanation  to  some  observed  facts.  Thus  it 
has  been  noticed  sometimes  that  a  fibre,  probably  a  radial  one, 
has  had  small  beads  of  pigment  adhering  to  it.  This  has  been 
supposed  to  be  a  process  from  the  choroidal  hexagonal  cells 

^  These  fibres  are  left  after  the  membraiioiis  K§rb  of  ICaz  Sohtdtze  and  the 
BQbstanee  proper  of  the  rods  and  oones  have  been  remoyed  by  prolonged. mace* 
ration  in  glycerine. 
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Bent  up  between  the  rods  and  cones.  It  is  more  probably 
a  radial  fibre  isolated,  with  some  pigment  adhering  to  it  The 
pigment  therefore  in  the  retina  is  contained  between,  not  in, 
formed  elements :  in  spaces  lately  described  as  lymph-epaeed. 

If  we  now  consider  the  part  of  the  retina  extending  from 
the  pigment-epithelium  to  the  intergranule-Iayer,  it  will  be 
seen  to  consist  of  three  well-marked  divisions  separated  by 
layers  of  flat  cells.  In  each  of  these  divisions  the  arrangement 
of  the  ground-substance  is  based  on  the  same  plan.  Thus  if 
we  look  at  the  rods  and  cones  we  shall  find,  passing  from  with- 
out inwards,  that  the  rods  are  well  developed ;  but  the  coneB 
not.  The  rods  next  diminish  in  calibre,  while  the  conee  in- 
crease. The  same  is  the  case  in  r^ard  to  the  cone-  and  rod- 
pedicles.  We  therefore  see  that  where  there  is  a  deficiency  in 
the  development  of  the  one  set  of  elements,  there  is  a  cor- 
responding increase  in  the  adjacent  set. 

Some  have  maintained  that  the  rods  and  cones  are  nerve- 
elementa  But  in  no  instance  has  any  direct  continuity  with 
undoubted  nerve-elements,  nor  any  quality  distinctive  of  nerve- 
structure,  either  physical  or  chemical,  been  shown.  Thus  Max 
Schultze  has  described  a  supposed  continuity  which  we  have 
already  shown  to  be  merely  due  to  branching  of  radial  fibres. 
The  continuity  which  W.  Mliller  has  lately  advanced  on  the 
ground  of  a  carmine-stcdned  line  passing  from  the  external 
granule  layer  to  the  apparent  surface  of  a  cone,  is  not  proved 
by  the  appearance  even  as  described  and  figured  by  that  ob- 
server himself.  The  existence  of  varicosity  does  not  strengthen 
this  view,  as  we  are  yet  in  ignorance  of  the  exact  conditions 
for  that  change. 

Nerve-fibres  from  the  ganglionic  cells  we  have  not  been 
able  to  trace  further  than  the  molecular  layer.  This  however 
is  negative:  and  there  is  probably  in  the  retina,  though  yet 
undiscovered,  as  abundant  a  nervous  supply  as  has  been  shown 
in  the  cornea. 

EXPLANATION  OF  THE  PLAtE. 

When  not  otherwise  mentioned,  the  figures  are  drawn  from  preparations 
of  the  retina  of  the  frog,  as  te^i  by  Hartoack's  objecti?e  No.  7|  eyepiooe 
No.  8. 

1.    Radial  fibre,  with  an  elongated  cell  lying  on  it  at  dL    Purporine. 
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%,  Anoiber  radial  fibro  endosed  by  membrane,  h  vodevm  ef  fibre,  e 
inteEgrannle  layer,  d  external  limiting  membrane.    Purporine. 

3.  A  fibre  baring  nndei  a  Vpn^  aoroia  inner  end  of  "  tromxwt,''  others 
b  In  and  aionnd  it.  Several  niuslei  adhere  to  membranea  in  the  internal 
granule  layer.    Purpniine. 

4.  Three  fibrea  paaaing  through  intevgranole-laym' :  two  of  them 
croasing  and  joining  others  to  form  fibres  of  rod-pediclea.  a  nuclei  of 
^eGctaraal  limiting  membrane,  b  cell  acrosa  the  "*  trampet"  end.  Omic  add, 
macerated  in  glycerine,  and  stained  with  logwood. 

&  b  Fibriilary  tissue  lying  along  internal  surface  of  retina,  e  nuclei 
en  inner  and  outer  sorfiioe  of  moleralar  layer,  nuclei  yiaible  in  molecular 
layer,  a  fibre  with  some  of  the  memkiranoQa  aubstance  remaining.  Spaces 
formed  by  fibrils  from  the  stem  radial  fibre  trcm  which  cells  have  fidlen  out 
are  yiaibie.    Furpurina 

6.  Flat  cells  lying  on  inner  surface  of  internal  limiting  membrana 
Under  them  blood-yeesels  with  blood-corpusdes.  Retina  injected  with 
mlrer  aotutien. 

7.  SflTcr  marking  on  membranous  subatance  at  inner  end  of  radial 
fibres^  firom  same  preparation  as  No.  €. 

a  Double  layer  of  oeD-ontliBes  on  intenial  rnxxhod  of  sheep*s  retina. 
a  superficial,  b  deep  layer.    Garbolised  serum. 

9.  Silver  marking  from  apparent  internal  sur&oe  of  sheep^s  retina. 
^  Radlal-fi»em-Kegel "  of  German  authors. 

10.  Internal  8urfiu»  of  frog's  retina,  a  larer  of  flat  oeDs,  h  nenro- 
hyer,  c  blood-corpusdes  lying  between  the  cells  and  optic  nerve-layer. 
Gold. 

11.  Celb  of  internal  surfiuM.  a  as  at  a  No.  10,  b  elongated  narrow 
odls  lyivg  on  the  bundles  of  the  optic  nerre-layer. 

12.  Cells  lying  on  internal  snrfiice  of  molecular  layer  a,  ganglion-cells 
lying  amongst  them  h.    Gold  and  formic  add. 

13.  Laver  of  cells  on  external  surfiice  of  molecular  layer :  between 
them  radial  fibres  pass  and  give  off  fine  processes  which  surround  the  cdli. 
Oamic  add.    Hartnack,  objective  8,  eyepiece  2. 

14.  PuTxmrine  preparation  macerated  in  givcerlne :  fine  prqceases  from 
radial  fibres  form  a  network  for  cells  of  internal  ffranule-layer.  a  the  outer 
and  /the  inner  pedide  of  a  rod  covered  wiUi  their  sheaths,  d  the  outer  with 
its  complete  sheath,  b  the  outer  with  a  nucleus  on  the  dieath,  c  pedicle  of 
cone,  g  nucleus  on  cone-pedicle,  h  external  limiting  membrane. 

15.  Hen's  retina  in  glycerine,  parallel  to  the  surface  of  the  retina. 
Molecidar  layer  is  seen  to  be  made  up  of  fine  narrow  parallel  bands  wiUi 
nuclei  amongst  them. 

16*  Gold  and  formic  add  preparation,  showing  narrow  bands  of  mole- 
cular layer  partly  covered  bv  elongated  cdls :  parallel  to  the  surfiice  of  the 
retina.    Round  nudd  are  also  seen  at  different  parts. 

17.  Cells  on  outer  surface  of  molecular  layer  with  small  Bfrfndle-ceDs 
lying  amongst  them  parallel  to  sur&ce  of  retina.    Potadi. 

la  Layer  of  cells  firom  internal  granuleJayer ;  (three  such  layers  were 
seen  above  each  other).    Potash. 

19.  Spindle  elements  lying  in  the  internal  granule-layer. 

20.  Gold  preparation,  showing,  a  the  external  limiting  membrane, 
and  b  intergranule-layer  as  homogeneous  bands :  effect  of  eight  days  maoe- 
rataon  in  formic  acid. 
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21.  Large  nndei  of  interffraniile-laTer  and  vfllos-like  prooteetf  on 
8urfiEu>e,  which  belong  to  extemiu  granule-layer.    Oamic  aci<L 

22.  Gold  and  formic  add  preparation,  a  narrow  cells,  h  nadens  on 
oone-pedide,  e  nndeiiB  on  enter  roa-pedicle,  d  lens-shaped  body, /isolated. 
celJ,  e  similar  cell  from  a  potash  preparation. 

23.  a  Outer  segment  and  h  inner  segment  of  rod,  e  'Mens-shaped 
body/'  d  cell  of  external  limiting  membrane,  e  the  outer,  /  the  inner  rod- 
pedide,  g  narrow  cdls  on  membrane  connecting  them,  h  nucleus  of  inter* 
granule  layer.    Osmic  add.    Hartnack,  objective  8,  eyepiece  2. 

24.  a  Nucld  in  intei^granule-layer,  b  nucleus  on  outer  rod-pedicle^ 
-c  nndeuB  on  cone-pedicle,  d  cellular  substance  between  outer  and  inner 
segments  of  rod,  e  radial  fibre  bifurcating  as  it  enters  iDteigranule-layer, 
/external  limiting  membrane.  Osmic  add.  Hartnack,  objectiTO  8»  eye- 
piece 2. 

25.  Badial  fibre  passLog  outwards  through  external  limiting  mem- 
brane,   a  nucleus,  c  external  limiting  membrana 

26.  e  outer  pedicle  of  rod  freed  from  membrane  by  maceration,  /  fibre 
passing  along-siae  of  pedide  but  not  in  direct  contact  with  it^  c  external 
limiting  membrane,  d  mner  segment  of  rod. 

27.  Two*  divisions  of  a  radial  fibre  convergmg  on  the  sheath  of  a  oone. 
a  fibre,  h  sheath.    Cone-substance  has  disapp^tred  by  maceration. 

28.  a  Lens-shaped  body,  b  nucleus  of  external  limiting  membrane, 
e  nucleus  on  outer  rod  pedicle,  d  nudeus  on  cone-pedide.  Osmic  acid  and 
logwood. 

29.  Cells  on  external  limiting  membrane  of  sheep's  retina  examined  in 
vitreous  humour  sixteen  hours  after  death. 

30.  a  Granular  cell-substance  between  the  segments  of  the  rods. 

31.  a  **  Lens-shai)ed  body,"  b  cell-substance  between  segments. 

32.  Cells  on  inner  ends  of  outer  segments  of  rods.    Potash. 

33.  a  Lens^haped  body  freed  from  membrane,  b  external  limiting 
membrane,  e  nudeus  on  outer  rod-pedide,  Iigected  with  silver  solution 
irom  the  heart 

34.  An  isolated  cell  frx>m  surfiice  of  rods:  osmic  add  and  glycerine 
maceration. 

35.  iCfudei  seen  on  the  same  cone  in  different  positions,  assumed  by  its 
moving  under  the  pressure  of  the  cover-glass,  a  narrow  cell  frx>m  surfaoe 
of  cone. 

36.  Cells  of  pigment  laver.  a  cells  without  pigment,  b  mass  of  pig- 
ment between  cells  and  ends  of  rods,  c  pigment  between  rods,  a  '*  luia- 
shaped  body,*'  /  inner  segment    Potash. 

37.  Internal  surfiice  from  pigment-layer  of  ox's  retina,  a  pigm«it 
still  covering  cell,  b  partly  removed,  c  pigment  completely  removed. 

3&  Section  through  p:gment-layer.  a  cells  fr«e  tjnm  pigment  h 
pigment  over  and  around  ends  of  roda 

39.  Radial  fibre  dividing  into  fine  processes  which  pass  upwards 
through  external  granule-layer,  a  external  limiting  membrane,  b  outer 
rod-pedide. 

40.  a  Outer  rod-pedicle  freed  from  mraabrane,  b  inner  segment  of 
rod,  e  external  limiting  membrane. 
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SUPPLEMENTARY  REMARKS  ''ON  THE  PHYSIOLOGI- 
CAL  EFFECTS  OF  SEVERE  AND  PROTRACTED 
MUSCULAR  EXERCISE,  WITH  ESPECIAL  REFER- 
ENCE  TO  ITS  INFLUENCE  UPON  THE  EXCRE- 
TION  OF  NITROGEN."  By  Austin  Flint,  Jun..  M.D., 
Professor  of  Physiology  in  the  BeUevue  Hospital  Medical 
College,  New  York,  etc.,  etc. 

In  June,  1871, 1  published  in  the  New  York  Medical  Journal 
an  account  of  a  series  of  observations  made  upon  Weston,  the 
pedestrian,  during  one  of  his  remarkable  feats  of  endurance. 
Mj  researches,  which  at  that  time  I  regarded  as  very  impor- 
tant, have  lately  received  additional  interest  from  the  fact  that 
they  have  been  in  part  repeated  and  confirmed  in  England  by 
Dr  Pavy.  My  original  observations  were  made  with  the  utmost 
care,  and  they  involved  a  great  deal  of  labour.  They  were  most 
decidedly  opposed,  in  th«ir  results,  to  the  modem  view  regarding 
the  influence  of  muscular  exercise  upon  the  excretion  of  urea, 
which  is  based  upon  the  experiments  of  Fick  and  Wislicenus, 
made  in  1866,  and  upon  other  observations  apparently  con- 
firmatory of  the  idea  that  the  elimination  of  urea  is  not  in- 
creased by  muscular  work.  This  view  I  believe  to  be  incorrect; 
and  I  regard  the  experiments  upon  which  it  rests  as  imperfect, 
faulty,  and  made  under  unphysiological  conditions. 

The  question  of  the  influence  of  muscular  exercise  upon  the 
elimination  of  nitrogen  being  of  great  importance  in  its  patho- 
logical as  well  as  in  its  physiological  relations,  it  was  to  bo 
expected  that  conclusions  opposed  to  the  generally-accepted 
ideas,  even  when  deduced  from  very  extended  experiments, 
would  be  viewed  with  distrust  and  receive  adverse  criticism. 
I  have  not  failed  to  realize  this  expectation,  although  it  seemed 
to  me  that  my  conclusions  could  not  be  successfully  controverted 
without  a  denial  of  the  accuracy  or  the  truth  of  my  experimen- 
tal data.  I  shall  here  refer  merely  to  the  criticisms  of  Dr  Pavy, 
as  he  is  now  the  only  physiologist  who  is  in  a  position  to  judge, 
from  his  own  knowledge,  of  the  reliability  of  my  observations. 
These  criticisms,  however,  seem  to  me  to  be  general  rather  than 
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definite  and  positive.  They  are  summed  up  substantially  in  the 
following  paragraph,  quoted  from  Dr  Pavy's  work  on  Food  and 
Dietetics ; — 

''Now,  apart  from  the  fact  that  a  marked  deviation  from 
the  physiological  state  existed  when  the  results  upon  which 
the  conclusions  are  based  were  yielded,  is  there  anything  in  the 
results  to  show  that  in  reality  we  have  more  to  deal  with  than 
simply  a  consumption  of  nitrogenous  material  within  the  system 
beyond  the  supply  for  the  time  from  without?  Taking  the 
figures  throughout,  there  is  not  much  more  to  be  seen  than 
a  difference  occasioned  by  a  falling  off  in  the  amount  of  nitre* 
gen  ingested  during  the  first  four  days  of  the  walk ;  cuid  it  is 
well  known  that  when  the  ingesta  do  not  furnish  what  is 
wanted  for  meeting  the  expenditure  going  on  (as  during  inani- 
tion), the  resources  of  the  body  are  drawn  upon,  and  the  nitro- 
genous matter  existing  in  the  various  parts — both  solids  and 
fluids — wastes  or  yields  itself  up  as  well  as  the  rest.  On  the 
fifth  day,  alter  a  prolonged  sleep,  which  appears  to  have  re- 
stored the  flagging  powers,  the  previous  relation  was  reversed. 
The  food  ingested  afforded  more  than  enough  to  meet  the 
requirements.  There  was  a  gain  of  If  lb.  in  body-weight,  and 
according  to  the  figures,  the  nitrogen  discharged  fell  short  by 
50*27  grains  of  that  which  entered,  notwithstanding  a  walk  of 
forty  miles  and  a  half  was  performed  \" 

This  paragraph,  without  a  knowledge  of  the  details  of  niy 
experiments,  may  seem  obscure.  I  conceive  that  Dr  Pavy 
intended  to  reason  as  follows : — ^Although  I  had  demonstrated, 
for  the  first  four  days  of  a  walking  feat  performed  by  Mr  Weston 
in  which  he  had  walked,*  the  first  day  80  miles,  the  second  day 
48  miles,  the  third  day  92  mUes,  and  the  fourth  day  57  miles, 
that  there  was  a  large  increase  in  the  nitrogen  excreted  over 
the  nitrogen  of  food,  it  is  assumed  by  Dr  Pavy  that  this  appa- 
rent excess  was  due  to  a  deficient  ingestion  of  nitrogen  and  not 
necessarily  to  an  increase  in  the  excretion  of  nitrogen.  The 
fact  is  that,  comparing  four  days,  during  which  277  miles  were 
walked,  with  four  days  before,  during  which  26  miles  were 
walked,  we  had,  in  four  days,  walking  26  miles,  1,836*06  grains 
of  nitrogen  in  the  food,  against  790*78  grains  during  four  days, 

1  Pavy,  Food  and  DieUHctt  Philadelphia,  1874,  p.  71. 
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277  miles,  or  a  deficiency  in  the  nitrogen  of  food  dnr* 
ing  the  latter  period  of  545*28  grains;  During  the  four  days, 
walking  26  miles,  the  nitrogen  excreted  was  1,252*17  grains, 
against  1,47385  grains  during  the  four  days,  walking  277 
wiles,  or  an  excess  of  nitrogen  excreted  of  221*68  grains.  It 
is  thus  evident  that  the  excessive  exertion  of  walking  277 
miles  in  four  consecutive  days  induced  an  increase  in  the  ex« 
oretion  of  nitrogen,  not  only  sufficient  to  equal  the  deficiency 
of  the  nitrogen  of  food,  but  a  considerable  excess.  The  excess 
of  the  nitrogen  excreted  during  the  four  days,  walking  277 
miles,  over  the  four  days,  walking  26  miles,  irrespective  of 
the  nitrogen  ingested,  was  221*68  grains;  and  the  excess  of 
nitrc^n  excreted  during  the  four  days,  walking  277  miles,  over 
the  nitrogen  ingested  during  the  four  days,  walking  26  miles, 
was  137*79  grains.  It  seems  to  me  that  the  figures  and  deduc- 
tions which  I  gave  in  my  original  article,  in  which  I  show  the 
effects  of  prolonged  and  severe  muscular  exercise  upon  the 
excretion  of  nitrogen,  not  only  in  absolute  quantity,  but  in  pro* 
portion  to  the  nitrogen  ingested,  are  sufficiently  clear  and  dis* 
tinct,  and  the  complications  in  these  deductions,  if  they  exist, 
are  due  to  the  ]Nrocess  of  reasoning  from  my  figures  employed 
by  Dr  Pavy.  It  does  not  appear  that  any  physiological  demon- 
stration could  be  more  positive  than  that  of  the  proposition  that 
muscular  exercise  increases  not  only  the  absolute  quantity 
of  nitrogen  excreted,  but  the  proportionate  quantity  of  nitrogen 
eliminated  to  the  nitrogen  of  food. 

My  first  impression,  in  studying  the  experiments  of  Fick 
and  Wislicenus,  was  that  the  observations  upon  the  influence  of 
exercise  upon  the  elimination  of  nitrogen  were  made  upon  a 
purely  non-nitrogenized  diet  on  account  of  the  labour  and  diffi- 
culty attending  an  accurate  estimation  of  the  nitrogen  of  food ; 
but  it  now  seems  to  me  that  this  was  not  the  only  idea  with 
which  this  method  of  experimentation  was  adopted.  It  is  a 
seductive,  and  was  a  more  or  less  novel  idea,  that  the  animal 
organism,  after  it  has  become  fully  developed,  is  a  machine 
which  consumes  food  as  fuel,  and  that  it  does  not  constantly  wear 
out  its  own  substance  by  work  and  repair  itself  by  the  ingesta. 
With  this  view,  it  would  seem  possible  to  reduce  the  values  of 
food  to  mathematical  accuracy,  calculating  the  heat-units,  foot- 
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pounds^  etCy  of  various  articles  of  diet.  Such  calculations  would 
be  very  indefinite  for  any  restricted  period  of  time,  if  we  adopted 
the  view  that  the  nitrogenized  constituents  of  the  body  wear  and 
are  consumed  with  muscular  work,  and  that  they  are  regene* 
rated  by  the  nitrogenized  matter  of  food.  A  necessaiy  basis  for 
an  accurate  estimation  of  heat  and  work-units  of  food  is  the  idea 
that  food  is  directly  consumed  in  the  production  of  heat  and  in 
work.  While  calculations  of  th^e  units  with  mathematical  ac- 
curacy would  be  very  desirable,  as  giving  definite  form  to  our 
ideas  of  the  value  of  food,  they  still  want  a  positive  basis  in 
fact.  In  carrying  out  this  idea,  it  seems  to  me  that  the  value 
of  many  of  the  experiments  is  made  to  depend  upon  the  as- 
sumption of  the  truth  of  the  proposition  which  they  are  intended 
to  support. 

In  view  of  the  great  importance  of  the  results  obtained  by 
me,  and,  as  I  believe,  confirmed  by  the  recent  observations  of 
Dr  Pavy,  it  would  be  interesting  to  assimilate  and  compare  the 
two  sets  of  observations,  the  more  so  as  I  could  scarcely  have 
hoped  that  independent  researches  would  have  been  made  un- 
der the  same  remarkable  and  unusual  conditions;  viz.  the  same 
subject  undertaking  a  similar  feat  of  endurance.  In  the  account 
published  by  Dr  Pavy  thus  far,  I  do  not  find  any  reference  to 
the  results  obtained  by  me  in  1870  and  published  in  1871.  If 
I  should  not  be  anticipated  by  Dr  Pavy,  I  shall  be  interested  to 
place  the  figures  of  the  two  series  of  observations  side  by  side ; 
but  I  hope  that  Dr  Pavy,  who  is  now  fully  prepared  to  criticise 
my  results,  will  give  them  the  study  and  attention  that  he  be- 
stowed upon  them  when  he  had  had  no  opportunity  of  person- 
ally testing  their  accuracy.  In  the  calculations  which  I  made 
of  the  amount  of  nitrogen  of  food,  I  used  the  same  estimates 
for  all  the  periods,  before,  during,  and  after  the  walk.  If  any 
errors  existed  in  these  estimates,  such  errors  would  have  equal 
value  in  the  different  periods  and  would  not  materially  change 
the  comparative  results.  It  would  be  interestiDg  to  use  these 
same  estimates  in  calculating  the  nitrogen  of  the  food  taken 
while  Mr  Weston  was  under  the  observation  of  Dr  Pavy, 
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Corrections  in  the  Tables  published  in  1871. 

In  calculating  the  proportion  of  nitrogen  excreted  to  the 
nitrogen  of  food^  I  fell  into  aQ  error  sufficiently  serious  to  de- 
mand correction,  although  it  does  not  aifect  the  general  conclu- 
sions deduced  from  my  observations.  I  first  calculated  the 
amount  of  nitrogen  excreted  for  every  hundred  parts  of  nitro- 
gen of  food,  for  each  day,  by  multiplying  the  nitrogen  excreted 
by  100  and  dividing  by  the  nitrogen  of  food,  which  gave  cor- 
rect results ;  but,  in  calculating  the  average  proportion  of  nitro- 
gen excreted  for  the  five  days  before  the  walk,  five  days  of  the 
walk,  and  five  days  after  the  walk,  I  added  for  each  period  the 
proportionate  excretion  of  nitrogen  for  the  five  days,  and  ob- 
tained the  average  by  dividing  by  five.  This  was  an  error,  as 
I  was  using  relative  and  not  absolute  quantities.  I  fell  into 
this  error  simply  because  the  process  was  a  little  easier  than  to 
divide  the  average  amount  of  nitrogen  excreted  for  the  five 
days  by  the  average  amount  of  nittogen  ingested  for  the  same 
period.  My  results  from  this  faulty  process  of  calculation,  with 
the  correct  results,  are  given  below : — 


FInt  Period- 
Fire  Days  before 
the  Walk. 

Second  Pwriod- 

Ftre  B^ya  of  the 

Walk. 

Third  Period- 

Vha  Daji  after  the 

Walk. 

880.40  grriiu 

810.00     M 

(Incorrect) 
96l68  parte 

ttiTOgndna 

801.52    „ 

(Inoorrect) 
17481  parte 

M0.08giafaH 
87810     « 

HttTOjien  eicwted  gcr  100  parte 
oCNitfogcn  of  fiDOd...M 

(Inoonect) 
9L08  parte 

Hitrogen  ozcratod  per  100  parte 
of  Nlteogeo  of  food,  obtained 

(Correet) 
91^  parte 

(Correct) 
10.90  parte 

(Ck>rrect) 
8408  parte 

I  made  a  similar  error  in  my  calculations  of  the  averages  for 
each  of  the  three  periods  of  five  days  each,  of  the  uric  acid  per 
100  parts  of  urea.  I  append  the  corrected  tables,  the  figures 
corrected  being  marked  with  a  "f". 
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Tablb  D*. 

Daily  Averages  for  the  Three  Periods. 
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^^^      - 
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4L67        H 
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•  Page  68  of  KemoJr,  and  pi«e  669  of  the  "New  York  Medical  Jonmal.' 


THE  GENERATIVE  ORGANS  OF  THE  PARASITIC 
ISOEODA.  By  J.  F.  Bullae,  B.A.,  Tritiity  College,  Cam- 
bridge.   (PL  IV.) 

In  the  following  pages  are  recorded  some  observations  on  the 
generative  oi]gans  of  some  of  the  parasitic  Isopoda.  My  investi^ 
gations  were  carried  on  lAst  spring  in  Dr  Dohm's  Zoological 
Station,  And  my  b^st  thanks  axe  due  to  him  for  his  help  and 
advice,  as  well  as  to  Br  Eisig  for  his  kind  assistance  during  my 
stay  at  Naples. 

The  species  investigated  are  the  following : — 

Cymothoa  SBstroides  (Risso). 
Nerocik  maculata  (M.  Edw.). 
Nerocila  bivittata  (Risso). 
Anilocra  physodes  (Lin.). 
Anilocra  mediterranea  (M.  £dwi)i 

With  the  exception  of  the  last  they  were  kindly  determined 
for  me  by  Prof.  Heller.  They  are  all  hermaphrodite.  The 
generative  organs  are  essentially  alike  in  all  To  avoid  future 
confusion  it  may  be  well  to  state  at  once  that  the  organs  are 
paired,  and  those  of  the  two  sides  quite  distinct.  The  animals 
during  the  development  of  the  generative  products  pass  through 
three  distinct  stages^  which  may  be  distinguished  by  the  follow- 
ing characters. 

In  the  first  stage  ^  they  hav6  externally  the  appearance 
of  males.  There  is  a  double  penis  (PL  IV.  fig.  4  P.),  situated 
in  the  median  line  of  the  ventral  wall  of  the  last  thoracic 
segment.  The  internal  parts  of  the  generative  organs  on 
each  side  consist  (PL  Iv.  fig.  1)  of  the  ovary  and  the  testes 
and  their  ducts.  The  ovary  and  testes  form  a  continuous 
gland,  of  which  the  ovaiy  is  the  posterior  simple  tubular 
poilion,  while  the  testes  appear  anteriorly  as  three  csdcal 
diverticula  at  its  outer  border.  The  oviduct,  a  widish  tube 
continuous  with  the  wall  of  the  ovaiy,  arises  from  the  outer 
border  of  the  ovary  behind  the  testes,  and  runs  to  the  anterior 
edge  of  the  sixth  thoracic  segment,  where,  at  this  stage,  it  ends 

1  C.  lestroides  and  A.  mediterranea  are  the  only  species  which  I  have  obtained 
in  this  stage. 
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blindly.  The  vas  deferens  ifi  continued  bom  the  posterior  end 
of  the  ovary;  it  is  much  narrower  than  the  oviduct;  after 
running  straight  backwards  for  a  short  distance  it  turns  out- 
wards and  downwards,  and  opens  externally  at  the  extremity  of 
the  penis  of  its  side. 

Between  the  first  and  second  stage  a  moult  takes  plaoe^  and 
the  penis  being  part  of  the  skin  is  thrown  of ,  and  in  the  second 
stage  there  is  no  penis.  Neither  the  vas  deferens  nor  oviduct 
have  an  external  opening. 

In  the  third  stage  the  vas  deferens  still  remains  dosed,  but 
the  oviduct  has  acquired  a  slit-like  aperture  at  the  anterior 
edge  of  the  sixth  thoracic  s^ment,  just  at  the  base  of  the  poste- 
rior flap  of  the  brood-pouch,  which  is  present  at  this  stage. 

I  will  now  describe  each  stage  more  fully. 

In  the  first  stage  the  generative  gland  is  always  compara* 
tively  small,  owing  to  the  incompletely  developed  state  of  the 
ovaiy.  This  may  be  very  small,  containing  only  a-  few  young 
ova^  or  it  may  contain  more  numerous  ova,  some  of  a  consider- 
able size.  Except  in  the  case  of  the  very  youngest  ovaries  it  is 
easily  seen  that  the  formation  of  the  finesh  ova  takes  place  only 
along  the  outer  border  of  the  organ  (PL  iv.  fig.  2). 

The  testes  (PL  iv.  fig.  1  T.)  at  this  stage  are  fully  deve- 
loped ;  they  often  contain  numerous  spermatozoa. 

The  spermatozoa  are  arranged  in  bundles  (PL  rv.  fig.  6) 
with  their  heads  all  pointing  one  way,  and  are  so  disposed  that 
the  anterior  end  of  the  bundle  is  wedge-shaped.  Each  spermato- 
zoon (PL  IV.  fig.  6)  consists  of  a  very  long  thin  filament 
tapering  to  a  point  at  the  posterior  extremity.  The  anterior 
extremity  is  thicker,  and  here  a  peculiarly  twisted  leaf-like 
appendage  is  attached  to  it  (PL  iv.  fig.  6).  The  spermatozoa 
are  perfectly  motionless.  Their  average  length  is  1.16  Mm., 
and  that  of  the  appendage  .04  Mm. 

The  bundles  of  spermatozoa  may  be  seen  in  the  act  of 
making  their  way  from  the  testes  down  the  outer  side  of  the 
ovary  to  the  vas  deferens.  They  always  pass  downwards  head 
foremost 

The  vas  deferens  (PL  iv*  fig.  1  yd.)  is  usually  filled  with 
spermatozoa^  and,  except  at  a  very  early  stage,  presents  a  fusi* 
form  enlargement  near  its  lower  end,  which  is  crowded  with 
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spermatozoa.  The  outer  surface  of  this  enlargement  is  generally 
covered  with  branched  pigment-cells. 

In  the  second  stage  the  skin  has  been  changed^  and,  as 
stated  above,  the  oviduct  and  vas  deferens  are  both  closed  exr 
ternally. 

The  ovary  has  increased  considerably  in  size,  and  frequently 
many  of  the  ova  are  completely  developed.  Young  ova  are  also 
being  formed  along  the  outer  margin  of  the  ovary. 

The  wall  of  the  ovary  is  an  exceedingly  fine  membrane, 
lined  internally  with  a  single  layer  of  large  flattened  epithelium- 
ceUs  (PI.  IV.  fig.  6),  each  of  which  contains  generally  four, 
but  sometimes  three  or  two  conspicuous  nuclei.  Both  the  pro- 
toplasm and  nuclei  of  the  cells  are  very  granular,  the  latter 
usually  containing  one  or  more  larger  granules.  As  the  young 
ova  increase  in  size  they  move  away  from  the  germinal  part  of 
the  ovary,  pushing  out  its  wall  where  they  come  in  contact  with 
it  to  suit  their  shape,  so  that  at  this  stage  the  wall  of  the  ovary 
loses  its  primitive  even  outline.  Owing  to  these  changes  each 
ovum,  when  examined  with  a  high  power,  appears  to  be  sur- 
rounded by  a  ring  of  cells,  but  by  careful  focussing,  it  can  be 
easily  seen  that  these  are  the  lining  cells  of  the^  wall  of  the 
ovary. 

The  oviduct  is  lined  internally  with  a  single  layer  of  flat- 
tened epithelium^cells,  continuous  with  those  lining  the  v^all 
of  the  ovary,  but  differing  from  them  in  being  smaller  and  in 
containing  only  a  single  nucleus.  The  oviduct  is  provided  with 
an  external  layer  of  longitudinal  muscular  fibres,  which  are  con- 
tinued on  each  side  along  the  outer  border  of  the  ovary.  There 
are  apparently  no  circular  fibres. 

The  testes  have  not  increased  in  size.  They  contain,  as 
before,  spermatozoa. 

The  vas  deferens  is  also  filled  with  spermatozoa,  the  enlaige- 
ment  at  its  lower  end  being  usually  crowded  with  them. 

At  this  stage  the  skin  of  the  ventral  surface  can,  with  caie, 
be  separated  like  a  blister  from  the  body  wall,  and  beneath  it 
the  flaps  of  the  brood-pouch  are  seen  arising  as  small  oval  buds 
from  near  the  bases  of  the  legs.  At  first  they  are  quite  soft  and 
flat,  but  as  they  increase  in  size  they  become  thrown  into 
numerous  small  wrinkles,  and  at  the  same  time  it  becomes 
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more  and  more  easy  to  remove  the  outer  8kin.  While  the 
brood-flaps  are  being  developed  a  very  delicate  chitinous  skin  is 
formed  over  the  ventral  surface  beneath  them.  The  brood-flaps 
leach  their  full  development  in  size  before  the  loose  outer  skin 
is  thrown  off. 

The  hardening  of  the  brood-flaps  by  the  formation  of  an 
outer  chitinous  layer  is  probably  a  quick  process,  for  in  indi- 
viduals in  which,  as  sometimes  happens,  half  the  outer  skin  is 
shed  at  a  time  the  uncovered  flaps  are  quite  hard,  while  those 
remaining  covered  are  still  soft.  Probably  the  hardening  of 
the  brood-flaps  helps  to  burst  the  outer  skin. 

The  young  flaps  are  covered  externally  by  a  flattened  epi- 
thelium. The  chitinous  layer  is  formed  subsequently,  and  is 
quite  structureless. 

In  the  third  stage,  which  is  attained  on  the  shedding  of  the 
outer  skin,  described  in  the  last  stage,  the  animal  possesses 
a  completely  developed  brood-pouch,  formed  by  the  overlapping 
flaps.  The  skin  of  the  ventral  surface  is  exceedingly  delicate, 
and  is  now  protected  by  the  brood-pouch.  The  ovaries  at  the 
first  part  of  the  stage  are  very  large,  and  fill  nearly  the  whole 
of  the  body-cavity,  causing  the  ventral  wall  to  protrude  con- 
siderably. 

Very  soon,  however,  the  eggs  are  laid,  and  it  is  therefore  a 
rare  thing  to  find  an  individual  of  this  stage  with  the  eggs  still 
in  the  ovary.  When  the  eggs  are  laid  the  shape  of  the  body  is 
altered,  the  ventral  wall  being  now  pressed  close  up  to  the 
dorsal  surface. 

The  testes  (PL  iv.  fig.  3  T.)  still  remain ;  they  have  not  in- 
creased in  size,  and  look  withered  and  dry,  though  they  occa- 
sionally contain  a  few  bundles  of  spermatozoa. 

The  vasa  deferentia  (PL  iv.  fig.  3vD.),  especially  their  en- 
largements, are  still  filled  with  spermatozoa. 

The  manner  in  which  the  ova  are  fertilised  is  a  point  which 
I  have  not  as  yet  been  able  to  determine  satisfactorily.  The  ovi- 
duct only  opens  externally  at  the  time  when  the  brood-pouch  is 
present,  and  as  its  opening  is  situated  inside  the  brood-pouch  it 
seems  quite  impossible  that  spermatozoa  could  be  introduced 
into  it  by  another  animal. 

There  is  often  not  more  than  one  individual  on  a  fish,  and 
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as  these  solitary  individuals  may  have  embiyos  in  their  brood- 
pouchesi  they  must  either  have  fertilised  their  own  ova^  or  be 
parthenogenetic,  for  they  oannot  be  imaging  to  pass  from  one 
fish  to  another ;  indeed  for  one  spedes  at  leasts  C.  &8str<Hdeai 
which  cannot  swim,  this  is  impossible. 

Now  self-impregnation,  if  it  occurs,  must  be  internal,  for  the 
vas  deferens  becomes  closed  before  the  eggs  are  laidi  and  re* 
mains  so  until  after  their  development  is  complete. 

Of  course  if  self'^impregnation  occurs  in  these  oases  it  occurs 
always.  We  have  already  seen  that  from  the  position  of  the 
external  opening  of  the  oviduct,  the  ova  of  one  animal  cannot 
be  impregnated  by  another  before  they  are  laidu  Therefore  the 
only  way  in  which  we  can  imagine  that  a  cross  occurs  is  by 
supposing  that  self-fertilisation  does  not  act  until  after  the  eggs 
have  been  laid,  and  that  the  spermatozoa  of  another  individual 
are  introduced  by  some  means,  at  present  unknown,  into  the 
brood-pouch,  and  have  a  prepotent  effect. 

It  should  be  remembered  that  the  brood-flaps  overlap  a 
great  deal,  and  are  not  capable  of  being  moved,  and  also  that 
the  spermatozoa  are  immoveable.  These  facts  make  it  difficult 
to  understand  how  the  spermatozoa  could  by  any  possibility  be 
introduced. 

These  animals  show  perhaps  better  than  any  others  the 
manner  in  which  hermaphroditism  is  acquired. 

I  think  no  one  can  doubt  that  all  the  Isopoda  have  de- 
scended from  a  common  bisexual  stock,  and  that  the  ancestors 
of  the  present  parasitic  Bpecies  when  they  began  to  be  panudtio 
were  bisexuaL  It  is  evident  that  their  hermaphroditism  is  the 
effect  and  not  the  cause  of  their  habits.  If  a  free  form  varied 
so  as  to  be  hermaphrodite,  it  would  have,  as  fisu:  as  we  can  see^ 
no  advantage  over  the  bisexual  forms,  and  would  not  therefore 
tend  to  be  preserved.  On  the  other  hand,  it  is  of  such  immense 
advantage  to  a  parasitic  animal  to  be  hermaphrodite  that  such 
a  variation  would  be  almost  certain  to  be  preserved. 

In  the  present  case  hermaphroditism  was  probably  gained 
by  the  occurrence  of  a  sport.  The  following  considerations  seem 
to  show  clearly  that  it  was  not  the  result  of  gradual  modifica- 
tion. 

The  internal  generative  organs  of  the  hermaphrodites  re- 
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semble  exactly  the  combined  male  and  female  organs  of  the 
free  toTsoa,  sach  as  Aaaelliu  aquaticas^  described  by  G.  O.  Sars 
{CfmsL  €Feau  dauoe}.  It  is  hardly  credible  that  this  would  be 
the  case  if  gradual  modification  either  in  the  males  or  females 
had  taken  place. 

The  same  argument  applies  to  the  external  brood-pouch 
and  penis^  which  are  identical  with  those  foimd  in  the  free 
f<»rms. 

From  the  analogy  of  vertebrates  it  is  reasonable  to  conclude 
that  every  embryo  contains  parts  capable  of  developing  into  the 
generative  organs  of  both  sexes,  and  it  is  conceivable  that  from 
these  parts  both  sets  of  org^ans  may  in  certain  cases  become 
developed  and  functional.  If  we  imagine  such  a  sport  to  have 
been  developed  in  one  of  the  parasitic  ancestors  of  the  present 
animals^  and  to  have  produced  some  individuals  like  itself,  it  is 
all  that  is  required  to  account  for  the  hermaphroditism  of  the 
existing  parasitic  Isopoda. 


DESCRIPTION  OF  THE  FlGCREa 

tf.  Tntsa    YJK  Yas  deferens.    s«  Sp^rmstozoa.    o.  Ovary,    p.  Penis. 

Fig;  U  OenerativB  organs  of  A.  meditenrauea.  Firsfc  stage.  The  whole 
sf  the  Tas  deferens  and  ovidnct  are  not  shevm. 

Fig.  II.  Generative  organs  of  C.  estroides.  First  stage.  The  vas 
deteirom  and  one  of  the  tettss  are  not  shewn. 

¥ig.  III.  OeneratiTo  otisans  of  A*  ph^B^es.  Third  stager-after  the 
eggs  bare  been  laid* 

Fig.  IV.  Penis  and  part  of  veatnJ  wall  of  last  thoraic  segment  of  0. 
sestroides. 

Fig.  V.    Cells  from  wall  of  ovary.    First  stage. 

Fig.  TI.  Spermatozoa  of  A.  mediterranea;  only  the  anterior  parts  are 
represented. 


ON  THE  DIGESTIVE  FERMENT  OF  NEPENTHES. 
By  Sydney  H.  Vines,  B.A.,  B.  Sc,  Fellow  of  Christ's 
College,  Cambridge, 

The  publication  of  Dr  Hooker's  Address  at  the  Belfast  Meeting 
of  the  British  Association  for  the  Advancement  of  Science 
(August,  1874),  and  of  Mr  Darwin's  book  on  Insectivorous 
Plants,  has  given  rise  to  several  investigations  into  the  nature 
of  the  phenomena  described  in  those  works. 

In  the  Botanische  Zeitung  for  Oct.  29,  1876,  Reess  and  Will 
of  Erlangen  published  a  series  of  experiments  upon  Drosera 
rotundifolia.  They  made  a  glycerin  extract  from  the  leaves, 
just  in  the  same  way  as  a  glycerin  extract  is  made  from  the 
glands  of  animals,  and  found  that  this  extract,  when  acidified 
with  very  dilute  hydrochloric  acid,  exercised  a  distinct  diges- 
tive influence,  causing  complete  solution  of  shreds  of  Kwollen-up 
fibrin  within  the  space  of  eighteen  hours.  They  found  also 
that  the  filtrate  from  the  fluid  in  which  the  fibrin  had  been 
dissolved  gave  the  characteristic  reaction  of  peptone  when 
treated  with  caustic  potash  and  copper  sulphate  (Biuret-reac- 
tion).  They  further  found  that  the  glycerine  extract  had 
naturally  a  feebly  acid  reaction,  but  that  stiU  no  digestion  of 
fibrin  occurred  when  dilute  hydrochloric  acid  was  not  added 
to  the  extract.  By  these  experiments  they  clearly  demon- 
strated the  similarity,  amoimting  to  identity,  of  the  phenomena 
which  occur  on  the  surface  of  the  leaf  of  Drosera  to  those 
which  take  place  in  the  digestive  cavity  of  an  animal.  In 
both  it  appears  that  a  ferment  is  secreted  by  the  gland-cells; 
which  is  capable,  in  the  presence  of  dilute  acid,  of  converting 
proteids  into  peptones. 

Similar  experiments  have  been  made  by  von  Oorup- 
Besanez^  with  reference  to  Nepenthes.  In  this  case,  however, 
the  secretion  itself  was  the  subject  of  experiment.  Shreds 
of  fibrin,  prepared  according  to  the  method  of  GrUnhagen,  were 
rapidly  attacked  when  exposed  to  the  action  of  the  secretion  at 
a  temperature  of  about  40*  C,  and  the  digestion  was  more 

I  BerUlaederdeutseh'Chem,  GeseUsfiha/tzuBetlm-  Jahrg.  9,  No.  9.  May  23, 1876L 
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rapid  when  dilute  hydrochloric  add  •(0'2§)  had  been  added. 
The  filtered  fluid  gave  the  characteristic  reaction  of  peptones, 
when  treated  with  caustic  potash  and  copper  sulphate. 

Contemporaneously  with  von  Gorup-Besanez  I  had  entered 
upon  an  inyestigation  of  the  nature  of  the  phenomena  described 
by  Dr  Hooker  as  occurring  in  the  pitchers  of  Nepenthes. 

In  my  experiments  upon  Nex)enthes  (hybridus  and  gracilis) 
I  followed  the  method  pursued  by  Beess  and  Will  in  their 
experiments  on  Drosera>  that  is  to  say  I  made  a  glycerin 
extract  of  the  pitchers.  After  having  placed  a  shred  of  swollen- 
up  fibrin  in  a  small  quantity  of  the  extract,  to  which  a  few 
drops  of  dilute  hydrochloric  acid  had  been  added,  I  found  that, 
after  eight  hours  at  a  temperature  of  40^  C.  the  filtrate  gave  a 
distinct  peptone  reaction,  although  the  fibrin  was  not  com- 
pletely dissolved.  I  had  also  placed  a  similar  shred  of  fibrin  in 
a  test-tube  containing  a  small  quantity  of  the  dilute  acid,  and 
another  in  a  test-tube  containing  a  small  quantity  of  the  gly- 
cerin extract,  which,  J  may  add,  was  neutral  in  reaction.  The 
filtrates  from  the  fluids  contained  in  these  two  tubes  gave  no 
trace  of  peptone  when  tested  with  caustic  potash  and  copper 
sulphate. 

These  experiments  show  that  in  the  gland-cells  of  the 
pitchers  of  Nepenthes,  as  in  those  of  the  leaves  of  Drosera, 
there  is  contained  a  digestive  ferment  which  resembles  that 
existing  in  the  peptic  glands  of  animals,  in  that  it  is  soluble  in 
glycerin,  and  in  that  it  is  capable  of  converting  proteid  into 
peptones  in  the  presence  of  a  sufficient  quantity  of  acid. 

In  comparing  the  results  of  my  experiments  on  the  digestive 
power  of  a  glycerine  extract  of  Nepenthes  pitchers,  with  those 
obtained  by  von  Qorup-Besanez  in  his  experiments  with  the 
secretion  itself,  I  was  struck  by  the  great  rapidity  of  the  diges- 
tive process  in  the  latter  case,  and  I  inferred  that  the  quantity 
of  ferment  present  in  the  glycerine  extract  must  be  very  much 
smaller  than  that  present  in  the  secretion.  Reference  to  similar 
experiments  made  upon  the  stomachs  of  animals  shewed  that 
Ebstein  and  Qriitzner*  had  found  that  a  glycerin  extract  of 
much  greater  digestive  power  could  be  obtained  firom  a  gastric 
mucous  membrane  which  had  been  previously  treated  with 

1  Pflilger^s  Arehiv,  Bd.  vni.  p.  122—161.     1873. 
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dilute  hydrochloric  acid,  than  from  &  pcarfectly  fresh  ona  Tho 
researcfaee  of  Heidenhaan^  on  the  digesitye  ferment  of  the 
pancreas  shew  that  from  thia  organ  also  a  more  active  glycerin 
extract  could  be  obtained  when  it  had  been  previouGdy  treated 
with  a  dilate  acid.  From  hia  otih  espeiiments  on  the  pancreas, 
and  from  those  of  Efastein  and  QrUtzner  on  the  atomadi,  be 
infers  that  these  digestire  ferments  are  not  at  first  formed  as 
such  vithin  the  gland^oells.  He  regards  the  gland-cells  as 
secreting  an  inert  substance,  which  he  terms  zymogen,  whicb 
may  perhaps  be  a  combination  of  the  ferment  with  an  albomuioid. 
It  is  only  when  this  zymogen  is  decomposed,  as  a  result  of 
post-mortem  change,  or  by  the  action  of  adds,  that  the  ferment 
is  liberated. 

These  inyestigations  suggested  that  possibly  the  digestive 
ferment  of  Nepenthes  might  also  be  set  free  as  a  consequence 
of  the  deoompoeiti(m  of  an  inert  body  analogous  to  zymogen. 
Accordingly  I  treated  some  pitchers  of  Nepenthes  hybridua  and 
gracilis  witix  dilute  acetic  acid  (1^)  for  twenty-four  hours  pre- 
viously to  the  preparatix)n  of  the  glycerin  extract  On  com- 
paring the  glycerin  extract  made  from  the  pitchers  so  treated, 
with  that  made  from  fresh  pitchers  (gathered  at  the  same  time 
from  the  Bwxe  plants),  I  found  that  the  digestive  power  of  the 
former  greatly  exceeded  that  of  the  latter*  For  instance,  I 
placed  a  small  pellet  of  swollen-up  fibrin  in  a  tube  contaming 
a  small  quantity  of  the  acid  extract,  and  a  aimilar  pellet  in  a 
tube  containing  a  small  quantity  of  the  extract  from  the  fresh 
pitchers.  To  each  tube  I  added  two  cubic  centimeters  of  dilute 
HCl.  ('2^)  and  exposed  them  both  to  a  temperature  of  4ffC. 
At  the  end  of  six  hours  the  fibrin  in  the  former  tube  had 
undergone  complete  solution,  whereas  that  in  the  latter  had 
decreased  only  slightly  in  size.  The  filtmtes  of  both  gave 
peptone  reaction,  though  much  more  strongly  in  the  first  case 
than  in  the  second. 

Briefly  summarising  the  results  to  which  my  experiments 
on  Nepenthes  lead,  I  find  that  in  the  first  place,  they  confirm 
those  of  von  Qorup-Besanez,  and  those  of  Beess  and  Will,  in  the 
demonstration  of  the  fact  that ''  carnivorous  "  plants  are  capable 
of  digesting  proteid  nmtters  by  a  process  which  is  essentially 

>  Pjmger's  ArcMv,  Bd.  x.  p.  681.    1876. 
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similar  to  that  by  which  the  gastric  digestion  of  animals  is 
performed;  and  that,  in  the  second  place,  they  point  out  that 
the  mode  of  origin  of  the  digestiye  ferment,  in  Nepenthes  at 
least,  is  essentially  similar  to  that  indicated  by  Heidenhain 
with  reference  to  the  digestiye  ferment  of  the  pancreas  (pan- 
creatin),  and  by  Ebstein  and  GrUtzner  as  regards  that  of  the 
stomach  (pepsin). 

The  foregoing  is  an  abstract  of  a  paper  read  before  the 
Linnsean  Society  of  London  on  June  15, 1876.  Since  that  time 
I  have  more  than  once  repeated  my  experiments,  always  with  the 
same  result&  I  have  also  followed  the  same  line  of  investigation 
with  reference  to  Sarracenia  (flava),  but  I  have  failed,  as  yet, 
to  obtain  any  indication  of  the  presence  of  a  digestive  ferment 
in  the  pitchers  of  that  plant. 

I  have  also  endeavoured  to  find  out  whether  any  diastatic 
ferment  is  present  in  the  glands  of  these  plants.  In  the  case 
of  Nepenthes  the  glycerin  extract  had  no  action  upon  starch, 
a  result  which  von  Oorup-Besanez  also  obtained  in  his  experi- 
ments with  the  secretion. 

In  the  case  of  Sarracenia  I  was  surprised  to  find  that  a 
mixture  cf  the  glycerin  extract  with  starch  gave  a  well-marked 
sugar  reaction.  This  I  found  to  be  due  to  the  presence  of  sugar 
in  tbe  extract. 

The  fact  that  sugar  occurred  in  the  extract  of  Sarracenia, 
froni  which  the  digestive  ferment  was  absent,  as  well  as  the  fact 
that  no  sugar  was  found  in  the  Nepenthes  extract,  in  which  the 
presence  of  the  ferment  was  detected,  seems  to  indicate  that  the 
pitchers  of  Sarracenia  were  in  a  condition  in  which  their  diges- 
tive function  was  in  abeyance.  Further  experiments  with  this 
plant,  we  may  hope,  will  shew  that  under  other  conditions  the 
gland-cells  of  the  plant,  like  those  of  Nepenthes,  give  rise  to  a 
digestive  ferment. 


THE  DEVELOPMENT  OF  ELASMOBRANCH  FISHES. 
By  F.  M.  Balfour,  B.A.,  Fellow  of  Trinity  College^  Cam- 
bridge.     (Plates  v.  and  VI.) 

Development  of  the  Trunk. 
Continued  from  Vol.  X.,  p.  688. 

Bt  the  stage  when  the  external  gills  have  become  conspicuous 
objects,  the  rudiments  of  the  greater  number  of  the  important 
organs  of  the  body  are  definitely  established. 

Owing  to  this  fact  the  first  appearance  of  the  external  gills 
forms  a  very  convenient  break  in  the  Elasmobranch  develop- 
ment;  aad  in  the  present  section  the  history  is  earned  on 
to  the  period  of  this  occurrence. 

While  the  last  chapter  dealt  for  the  most  part  with  the 
formation  of  the  main  organic  systems  from  the  three  embry- 
onic layers,  the  present  one  has  for  its  subject  the  gradual 
differentiation  of  these  systems  into  individual  organs.  In  treat- 
ing of  the  development  of  the  separate  organs  a  diveigence 
from  the  plan  of  the  last  chapter  becomes  necessary,  and  the 
following  arrangement  has  been  substituted  for  it.  First  of 
all  an  accoimt  is  given  of  the  development  of  the  external 
epiblast»  which  is  followed  by  a  description  of  the  organs 
derived  from  the  mesoblast  and  of  the  notochord.  The  develop- 
ment of  the  head  and  whole  nervous  system  will  be  dealt  with 
in  a  succeeding  chapter,  and  a  separate  chapter  will  be  devoted 
both  to  the  alimentary  tract  and  the  vascular  system. 

External  Epiblast. 

During  stages  G  to  I  the  epiblast^  is  formed  of  a  single 
layer  of  flattened  cells ;  and  in  this,  as  in  the  earlier  stages,  it 
deserves  to  be  especially  noticed  that  the  epiblast  is  never  more 
than  one  cell  deep,  and  is  therefore  incapable  of  presenting  any 
differentiation  into  nervous  and  epidermic  layers.  (PL  v.  fig. 
1—5). 

1  Unless  the  contrary  is  stated,  the  facts  recorded  in  this  chapter  apply 
only  to  the  genera  Scyllinm  and  Pristioras. 
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The  cells  which  compose  it  are  flattened  and  polygonal  in 
outline^  but  more  or  less  spindle-shaped  in  section.  They  present 
a  strong  contrast  to  the  remaining  embryonic  cells  of  the  body 
in  possessing  a  considerable  quantity  of  clear  protoplasm,  which 
in  most  oth^  cells  is  almost  entirely  absent.  Their  granular 
nucleus  is  rounded  or  oval,  and  typically  contains  a  single 
nucleolus.  Frequently,  however,  two  nucleoli  are  present,  and 
when  this  is  the  case  an  area  free  from  granules  is  to  be  seen 
around  each  nucleolus,  and  a  dark  line,  which  could  probably 
be  resolved  into  granules  by  the  use  of  a  suflSciently  high 
magnifying  power,  divides  the  nucleus  into  two  halves*  These 
appearances  probably  indicate  that  nuclei,  in  which  two  nucleoli 
are  present,  are  about  to  divide. 

The  epiblast  cells  vary  in  diameter  from  -022  to  '026  Mm. 
and  their  nuclei  from  014  to  '018  Mm.  Th^  present  a  fairly 
uniform  character  over  the  greater  part  of  the  body.  In 
Torpedo  they  present  nearly  the  same  characters  as  in  Pristiurus 
and  Scyllium,  but  are  somewhat  more  columnar.    (PL  v.  fig.  7.) 

Along  the  summit  of  the  back  from  the  end  of  the  tail  to 
the  level  of  the  anus,  or  slightly  beyond  this,  epiblast  cells 
form  a  fold — the  rudiment  of  the  embryonically  undivided 
dorsal  fin — ^and  the  cells  forming  this,  unlike  the  general  epi- 
blast cells,  are  markedly  columnar ;  they  nevertheless,  here  as 
elsewhere,  form  but  a  single  layer.  (PL  v.  fig.  3  and  5  df,) 
Although  at  this  stage  the  dorsal  fin  is  not  continued  as  a  fold 
anteriorly  to  the  level  of  the  anus,  yet  a  columnar  thickening 
or  ridge  of  epiblast,  extending  along  the  median  dorsal  line 
nearly  to  the  level  of  the  heart,  forms  a  true  morphological 
prolongation  of  the  fin. 

On  the  ventral  side  of  the  tail  is  present  a  rudiment  of  the 
ventral  unpaired  fin,  which  stops  short  of  the  level  of  the  anus, 
buty  though  less  prominent,  is  otherwise  quite  similar  to  the 
dorsal  fin  and  continuous  with  it  round  the  end  of  the  taiL 
At  this  stage  the  mesoblast  has  no  share  in  forming  either  fin. 

In  many  sections  of  the  tail  there  may  be  seen  on  each 
side  two  folds  of  skin,  which  are  very  regular,  and  strongly 
simulate  the  rudimentary  fins  just  described.  The  cells  com- 
posing them  are,  however,  not  columnar,  and  the  folds  them- 
selves are  merely  artificial  products  due  to  shrinking. 
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as  these  solitary  individuals  may  have  embiyos  iu  their  brood- 
poucheS)  they  must  either  have  fertilised  their  own  ova»  or  be 
parthenogenetic,  for  they  cannot  be  imaging  to  pass  from  one 
fish  to  another ;  indeed  for  one  spedes  at  leasts  C  ssstroideS) 
which  cannot  swim,  this  is  impossible. 

Now  self-^impr^gnation,  if  it  occurs,  must  be  internal,  for  the 
vas  deferens  becomes  closed  before  the  eggs  are  hud^  and  re* 
mains  so  until  after  their  development  is  complete. 

Of  course  if  self'-impregnation  occurs  in  these  cases  it  occurs 
always.  We  have  already  seen  that  from  the  position  of  the 
external  opening  of  the  oviduct,  the  ova  of  one  animal  cannot 
be  impregnated  by  another  before  they  are  laid.  Therefore  the 
only  way  in  which  we  can  imagine  that  a  cross  occurs  is  by 
supposing  that  self-fertilisation  does  not  act  until  after  the  ^gs 
have  been  laid,  and  that  the  spermatojsoa  of  another  individual 
are  introduced  by  some  means,  at  present  unknown,  into  the 
brood-pouch,  and  have  a  prepotent  effect. 

It  should  be  remembered  that  the  brood-flaps  overlap  a 
great  deal,  and  are  not  capable  of  being  moved,  and  also  that 
the  spermatozoa  are  immoveable.  These  facts  make  it  difficult 
to  understand  how  the  spermatozoa  could  by  any  possibility  be 
introduced. 

These  animals  show  perhaps  better  than  any  others  the 
manner  in  which  hermaphroditism  is  acquired. 

I  think  no  one  can  doubt  that  all  the  Isopoda  have  de* 
scended  from  a  common  bisexual  stock,  and  that  the  ancestors 
of  the  present  parasitic  species  when  they  began  to  be  parasitio 
were  bisexual.  It  is  evident  that  their  hermaphroditism  is  the 
effect  and  not  the  cause  of  their  habits.  If  a  free  form  varied 
so  as  to  be  hermaphrodite,  it  would  have,  as  fiax  as  we  can  see, 
no  advantage  over  the  bisexual  forms,  and  would  not  therefore 
tend  to  be  preserved.  On  the  other  hand,  it  is  of  such  inunense 
advantage  to  a  parasitic  animal  to  be  hermaphrodite  that  such 
a  variation  would  be  almost  certain  to  be  preserved. 

In  the  present  case  hermaphroditism  was  probably  gained 
by  the  occurrence  of  a  sport  The  following  considerations  seem 
to  show  clearly  that  it  was  not  the  result  of  gradual  modifica- 
tion. 

The  internal  generative  organs  of  the  hermaphrodites  re- 
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aemble  exactly  the  combined  male  and  female  organs  of  the 
free  fonn%  sach  as  AsselluB  aquaticus^  described  by  G.  O.  Sars 
{OrusL  JPeaa  dauce}*  It  is  hardly  credible  that  this  would  be 
the  case  if  gradual  modification  either  in  the  males  or  females 
had  taken  place. 

The  same  argument  applies  to  the  external  brood-pouch 
and  penisy  which  are  identical  with  those  found  in  the  free 
forma 

From  the  analogy  of  vertebrates  it  is  reasonable  to  conclude 
that  every  embryo  contains  parts  capable  of  developing  into  the 
generative  organs  of  both  sexes,  and  it  is  conceivable  that  from 
these  parts  both  sets  of  organs  may  in  certain  cases  become 
developed  and  functional.  If  we  imagine  such  a  sport  to  have 
been  developed  in  one  of  the  parasitic  ancestors  of  the  present 
animals,  and  to  have  produced  some  individuals  like  itself,  it  is 
all  that  is  required  to  account  for  the  hermaphroditism  of  the 
existing  parasitic  Isopoda. 
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t.  Tmbok    vj>.  Vas  deferenift.    s.  6p#niiatozoA.    a  Of ary.    p.  Penis. 

Fig»  U  QensratirB  orguu  of  A.  meditemiiea.  FirBt  stage.  The  whole 
of  the  yas  deferens  and  oyidnct  are  not  shewn. 

Fig.  II.  Generative  organs  of  0.  sestroides.  First  stage.  The  tub 
deferens  and  one  of  the  testss  are  not  shewn. 

Fig.  III.  Genemtire  otigans  of  A.  phjrBOdes.  Third  stage— after  the 
eggs  hare  heen  laid. 

Fig.  lY.  Penis  and  part  of  veatnil  wall  of  last  thoraie  segment  of  0. 
sestroides. 

Fig.  Y.    Cells  from  wall  of  ovaiy.    First  stage. 

Fig.  YI.  Spermatozoa  of  A.  mediterranea ;  only  the  anterior  parts  ate 
represented. 
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as  these  fiolitary  individualfi  may  have  embryos  lu  their  brood- 
pouches,  they  must  either  have  fertilised  their  own  ova»  or  be 
parthenogeuetic,  for  they  oamiot  be  imagined  to  pass  from  one 
fish  to  another ;  indeed  for  one  spedes  at  leasts  C.  testroidesi 
which  cannot  swim,  this  is  impossible. 

Now  self*impregnation,  if  it  occurs,  must  be  internal,  for  the 
vaj3  deferens  becomes  closed  before  the  eggs  are  laid,  and  re* 
mains  so  until  after  their  development  is  complete. 

Of  course  if  self->impregnation  occurs  in  these  cases  it  oocors 
always.  We  have  akeady  seen  that  from  the  position  of  the 
external  opening  of  the  oviduct,  the  ova  of  one  animal  cannot 
be  impregnated  by  another  before  they  are  laid.  Therefore  the 
only  way  in  which  we  can  imagine  that  a  cross  occurs  is  by 
supposing  that  self-fertilisation  does  not  act  until  after  the  ^gs 
have  been  laid,  and  that  the  spermatozoa  of  another  individual 
are  introduced  by  some  means,  at  present  unknown,  into  the 
brood-pouch,  and  have  a  prepotent  effect. 

It  should  be  remembered  that  the  brood-flaps  overlap  a 
great  deal,  and  are  not  capable  of  being  moved,  and  also  that 
the  spermatozoa  are  immoveable.  These  fieicts  make  it  difficult 
to  understand  how  the  spermatozoa  could  by  any  possibility  be 
introduced. 

These  animals  show  perhaps  better  than  any  others  the 
manner  in  which  hermaphroditism  is  acquired. 

I  think  no  one  can  doubt  that  all  the  Isopoda  have  de- 
scended from  a  common  bisexual  stock,  and  that  the  ancestors 
of  the  present  para^tic  species  when  they  began  to  be  parasitic 
were  bisexual  It  is  evident  that  their  hermaphroditism  is  the 
effect  and  not  the  cause  of  their  habits.  If  a  free  form  varied 
so  as  to  be  hermaphrodite,  it  would  have,  as  fsEtr  as  we  can  see» 
no  advantage  over  the  bisexual  forms,  and  would  not  therefore 
tend  to  be  preserved.  On  the  other  hand,  it  is  of  such  immense 
advantage  to  a  parasitic  animal  to  be  hermaphrodite  that  such 
a  variation  would  be  almost  certain  to  be  preserved. 

In  the  present  case  hermaphroditism  was  probably  gained 
by  the  occurrence  of  a  sport  The  following  considerations  seem 
to  show  clearly  that  it  was  not  the  result  of  gradual  modifica- 
tion. 

The  internal  generative  organs  of  the  hermaphrodites  re- 
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semble  exactly  the  combined  male  and  female  organs  of  the 
free  fonna^  saoh  as  AflselluB  aquaticus,  described  by  Q.  O.  Sars 
{CnuL  d^eau  douce}.  It  is  hardly  credible  that  this  would  be 
the  case  if  gradual  modification  either  in  the  males  or  females 
had  taken  place. 

The  same  argument  applies  to  the  external  brood-pouch 
and  peni%  which  are  identical  with  those  found  in  the  free 
forms* 

From  the  analogy  of  vertebrates  it  is  reasonable  to  conclude 
that  every  embryo  contains  parts  capable  of  developing  into  the 
generative  organs  of  both  sexes,  and  it  is  conceivable  that  from 
these  parts  both  sets  of  organs  may  in  certain  cases  become 
developed  and  functional.  If  we  imagine  such  a  sport  to  have 
been  developed  in  one  of  the  parasitic  ancestors  of  the  present 
animals,  and  to  have  produoed  some  individuals  like  itself^  it  is 
all  that  is  required  to  account  for  the  hermaphroditism  of  the 
existing  parasitic  Isopoda. 
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Fig;  1.  Gensrative  oigani  of  A.  mediterrauea.  Firat  stage.  Tbe  whole 
of  the  vas  deferens  and  oviduct  are  not  shewn. 

Fig.  II.  Generative  oi^ns  of  C.  eestroides.  First  stage.  The  vas 
deferens  and  one  of  the  testss  are  not  shewn. 

Fig.  III.  Genemtive  otisaos  of  A.  phj«od«B.  Hdrd  stage^-after  the 
eggs  have  been  laid« 

Fig.  lY.  Penis  and  part  of  ventral  wall  of  last  thoraic  segment  of  0. 
aestroides. 

Fig.  Y.    Cells  from  wall  of  ovary.    First  stage. 

Fig.  YI.  Spermatozoa  of  A.  mediterranea ;  only  the  anterior  parts  are 
represented. 
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The  development  of  the  limbs  is  almost  identically  similax 
to  that  of  the  dorsal  fins.  There  appears  a  lat^al  linear  thick- 
ening of  epiblast,  which,  however  does  not,  like  the  similar 
thickening  of  the  fins^  grow  into  a  distinct  fold.  Its  develop- 
ment becomes  confined  to  two  special  points,  at  each  of  which 
is^formed  a  continuous  elongated  fold  of  colnmnar  cells  precisely 
like  the  fold  of  skin  forming  the  dorsal  fins.  These  two  folds 
form  the  paired  pins.  If  it  be  taken  into  consideration  that  the 
continuous  lateral  fin,  of  which  the  rudiment  appears  in  EUsmo- 
branchs,  does  not  exist  in  any  adult  Vertebrate,  and  also  that  a 
continuous  dorsal  fin  exists  in  many  Fishes,  the  small  differences 
in  development  between  the  paired  fin  and  the  dorsal  fins  will 
be  seen  to  be  exactly  those  which  might  have  been  anticipated 
beforehand*  Whereas  the  continuous  dorsal  fin,  which  often 
persists  in  adult  fishes,  attains  a  considerable  development  before 
vanishing,  the  originally  qontinuous  lateral  one  has  only  a 
very  ephemeral  existence. 

While  the  facts  of  development  strongly  favour  a  view  which 
-^ould  regard  the  limbs  as  remnants  (^  a  primitively  continuous 
lateral  fin,  there  is  nothing  in  the  structure  of  die  limbs  of 
adult  Fishes  which  is  opposed  to  this  view.  Externally  they 
closely  resemble  tbe  unpaired  fins,  and  both  their  position  and 
nervous  supply  appear  clearly  to  indicate  that  they  do  not 
belong  to  one  special  segment  of  the  body.  They  appear 
rather  to  be  connected  with  a  varying  number  of  segments ;  a 
fact  which  would  receive  a  simple  explanation  on  the  hypo- 
thesis here  adopted  ^ 

My  researches  throw  no  light  on  the  nature  of  the  skeletal 
parts  of  the  limb,  but  the  suggestion  which  has  been  made  by 
Giinther"  with  reference  to  the  limb  of  Ceratodus  (the  most 
primitive  known),  that  it  is  a  modification  of  a  series  of  parallel 
rays,  would  very  well  suit  the  view  here  proposed. 


1  For  the  nenrons  supply  in  fishes,  vide  Stannins  Peripher.  Nerv,  System  d. 
Fische.  In  Osseous  Fishes  he  states  that  the  thoracic  fin  is  su]^lied  hy  bianohes 
from  the  first  three  though  sometimes  from  the  first  four  spinal  nerreir.  In 
Acoip^ser  there  are  branches  from  the  first  six  nerves.  In  Spinax  the  Hmb  is 
supplied  by  the  rami  auteriores  of  the  fourth  and  succeeding  ten  spinal  nerves. 
In  tne  Kays  not  only  do  the  sixteen  anterior  spinal  nerves  unite  to  supply  the 
fin,  but  in  all  there  are  rami  anteriores  from  thirty  spinal  nerves  which  pass  to 
the  thoracic  limb. 

•  Philosophical  TramactionSf  1871. 
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Dr  Dohm^  in  speaking  of  the  limbs,  points  out  the  diffi- 
culties in  the  way  of  supposing  that  they  can  have  originated 
de  now,  and  not  by  the  modification  of  some  preexisting  organ, 
and  suggests  that  the  limbs  are  modified  gill-arches;  a  view 
similar  to  which  has  been  hinted  at  by  Professor  Gegenbaur*. 

Dr  Dohm  has  not  as  yet  given  the  grounds  for  his  determi- 
nation, so  that  any  judgment  on  his  views  is  premature. 

None  of  my  observations  on  Elasmobranchs  lends  any  sup- 
port to  these  views ;  but  perhaps,  while  regarding  the  limbs  as 
the  remains  of  a  continuous  fin,  it  might  be  permissible  to 
suppose  that  the  pelvic  and  thoracic  girdles  are  altered  remnants 
of  the  skeletal  parts  of  some  of  the  gill-arches  which  have 
vanished  in  existing  Vertebrates. 

The  absence  of  limbs  in  the  Marsipobranchii  and  Am- 
phioxus,  for  reasons  already  insisted  upon  by  Dr  Dohm^ 
cannot  be  used  as  an  argument  against  limbs  having  existed  in 
stUl  more  primitive  Vertebrates. 

Though  it  does  not  seem  probable  that  a  dorsal  and  ventral 
fin  can  have  existed  contemporaneously  with  lateral  fins  (at 
least  not  as  continuous  fins),  yet,  judging  from  such  forms  as 
the  Rays,  there  is  no  reason  why  small  balancing  dorsal  and 
caudal  fins  should  not  have  coexisted  with  fully  developed 
lateral  fins. 

Mesoblast    0—K. 

The  mesoblast  in  Stage  F  forms  two  independent  lateral 
plates,  each  with  a  splanchnic  and  somatic  layer,  and  divided, 
as  before  explained,  into  a  vertebral  portion  and  a  parietal 
portion.  At  their  peripheral  edge  these  plates  are  continuous 
with  the  general  mesoblastic  tissue  of  the  non-embryonic  part 
of  the  blastoderm;  except  in  the  free  parts  of  the  embryo, 
where  they  are  necessarily  separated  from  the  mesoblast  of  the 
yolk-sac,  and  form  completely  independent  lateral  masses  of 
cell& 

During  the  stages  Q  and  H,  the  two  layers  of  which  the 
mesoblast  is  composed  cease  to  be  in  contact,  and  leave  be- 

^  Unprung  d.  Wirhelthiere  und  Functiontweeh$eU^ 
'  Grundrisi  d.  VergUichenden  Anat.  p.  494, 
'  Loc*  cit. 
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tween  them  a  space  which  constitutes  the  commencement  of  the 
body-cavity  (PL  V.  fig.  1).  From  the  very  first  this  cavity  is  more 
or  less  clearly  divided  into  two  distinct  parts ;  one  of  them  in  the 
vertebral  portion  of  the  plates  of  mesoblast,  the  other  in  the 
parietal  The  cavity  in  the  parietal  part  of  the  plates  alone 
becomes  the  true  body-cavity.  It  extends  uninterruptedly 
through  the  anterior  parts  of  the  embryo,  but  does  not  appear 
in  the  caudal  region,  being  there  indicated  only  by  the  presence 
of  two  layers  in  the  mesoblast  plates.  Though  fairly  wide 
below,  it  narrows  dorsally  before  becoming  continuous  with  the 
cavity  in  the  vertebral  plates.  The  line  of  junction  of  the 
vertebral  and  parietal  plates  is  a  little  ventral  to  the  dorsal 
summit  of  the  alimentary  canal  (PI.  V.  fig«  5).  Owing  to  the 
fact  that  the  vertebral  plates  are  split  up  into  a  series  of  seg- 
ments (protovertebne),  the  section  of  the  body-cavity  they 
enclose  is  necessarily  also  divided  into  a  series  of  segments,  one 
for  each  protovertebra. 

Thus  the  whole  body-cavity  consists  of  a  continuous  parietal 
space  which  communicates  by  a  series  of  apertures  with  a 
number  of  separate  cavities  enclosed  in  the  protovertebrse.  The 
cavity  in  each  of  the  protovertebrse  is  formed  of  a  narrowed 
dorsal  and  a  dilated  ventral  segment,  the  latter  on  the  level  of 
the  dorsal  aorta  (PL  Y.  fig.  5).  Cavities  are  present  in  all  the 
vertebral  plates  with  the  exception  of  a  few  far  back  in  the  tail; 
and  exist  in  part  of  the  caudal  region  posterior  to  that  in 
which  a  cavity  in  the  parietal  plate  is  present 

Protovertebrce.  Each  protovertebra*  or  vertebral  segment 
of  the  mesoblast  plate  forms  a  flattened  rectangular  body, 
ventrally  continuous  with  the  parietal  plate  of  mesoblast  During 
stage  Q  the  dorsal  edge  of  the  protovertebrsB  is  throughout 
on  about  a  level  with  the  ventral  third  of  the  spinal  cord.  Each 
vertebral  plate  is  composed  of  two  layers,  a  somatic  and  a 
splanchnic,  and  encloses  the  already-mentioned  section  of  the 
body  cavity.  The  cells  of  both  layers  of  the  plate  are  columnar, 
and  each  consists  of  a  very  laige  nucleus,  invested  by  a  delicate 
layer  of  protoplasm. 

^  Ko  attempt  has  been  made  to  describe  in  detail  the  different  appearanoes 
presented  by  the  protovertebraB  in  the  yarions  parts  of  the  body,  but  in  eadi 
fetage  a  protoyertebra  from  the  dorsal  region  is  taken  as  typical. 
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Before  the  end  of  stage  H  the  inner  or  splanchnic  wall  of 
the  protovertebra  loses  its  simple  constitution,  owing  to  the 
middle  part  of  it,  opposite  the  dorsal  two-thirds  of  the  notochord, 
undeig^oing  peculiar  changes.  These  changes  are  indicated  in 
transverRO  sections  (PI.  y.  fig.  5  and  6  mp'),  by  the  cells  in  the 
part  we  are  speaking  of  acquiring  a  peculiar  angular  appearance, 
and  becoming  one  or  two  deep ;  and  the  meaning  of  the  changes 
is  at  once  shewn  by  longitudinal  horizontal  sections.  These  prove 
(PL  vi.  fig.  10)  that  the  cells  in  this  situation  have  become  elong- 
ated in  a  longitudinal  direction,  and,  in  fact,  form  typical  spindle- 
shaped  embryonic  muscle-cells,  each  with  a  large  nucleus. 
Every  muscle-eell  extends  for  the  whole  length  of  a  protover- 
tebra, and  in  the  present  stage,  or  at  any  rate  in  stage  I, 
acquires  a  peculiar  granulation,  which  clearly  foreshadows 
transverse  striation  (PL  vi.  fig.  11 — 18). 

Thus  by  stage  H  a  small  portion  of  the  splanchnopleure 
which  forms  the  inner  layer  of  each  protovertebra,  becomes 
differentiated  into  a  distinct  band  of  longitudinal  striated 
muscles ;  these  almost  at  once  become  functional,  and  produce 
the  peculiar  serpentine  movements  of  the  embryo,  spoken  of  in 
a  previous  section.  Vol.  x.  p.  660. 

It  may  be  well  to  say  at  once  that  these  muscles  form  but  a 
very  small  part  of  the  muscles  which  eventually  appear ;  which 
latter  are  developed  at  a  very  much  later  period  from  the 
remaining  cells  of  the  protovertebne.  The  band  developed  at 
this  stage  appears  to  be  a  special  formation,  which  has  arisen 
through  the  action  of  natural  selection,  to  enable  the  embryo 
to  meet  its  respiratory  requirements,  by  continually  moving 
about,  and  so  subjecting  its  body  to  fresh  oxydizing  influences ; 
and  as  such  affords  an  interesting  example  of  an  important 
structure  acquired  during  and  for  embryonic  life. 

Though  the  cavities  in  the  protovertebrse  are  at  first  per- 
fectly continuous  with  the  general  body-cavity,  of  which  indeed 
they  merely  form  a  specialized  part,  yet  by  the  close  of  stage  H 
they  begin  to  be  constricted  off  firom  the  general  body-cavity, 
and  this  process  is  continued  rapidly,  and  completed  shortly 
after  stage  I,  and  considerably  before  the  commencement  of  stage 
K.  (PL  y.  fig.  6  and  8).  While  this  is  taking  place,  part  of  the 
splanchnic  layer  of  each  protovertebra,  immediately  below  the 
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muscle-band  just  described,  begms  to  proliferate^  and  produce 
a  number  of  cells^  which  at  once  grow  in  between  the  muscles 
and  the  noiocfaord.  These  cells  are  very  easily  seen  both  in. 
transverse  and  longitudinal  sections^  and  form  the  eommencing 
vertebral  bodies  (PL  v.  fig.  6.  and  PL  VL  fig.  10  and  11  Vr). 

At  first  the  vertebral  bodies  have  the  same  segmentation  aa 
the  protovertebrsB  from  which  they  sprang ;  that  is  to  say,  they 
form  masses  of  embryonic  cells  separated  from  each  other  by 
narrow  slits,  continuous  with  the  slits  separating  the  proto- 
vertebrae.  They  have  therefore  at  their  first  appearance  a 
segmentation  completely  different  from  that  which  they  event- 
ually acquire  (PL  VL  fig.  11). 

After  the  separation  of  the  vertebral  bodies  from  the  proto- 
vertebrse,  the  remaining  parts  of  the  protovertebras  may  be 
called  muscle-plates ;  since  they  become  directly  converted  into 
the  whole  voluntary  muscular  system  of  the  trunk.  At  the  time 
when  the  cavity  of  the  muscle-plates  has  become  completely 
separate  from  tiie  body-cavity,  the  muscle-plates  themselves 
are  oblong  structures,  with  two  walls  enclosii^  the  cavity  just 
mentioned,  in  which  the  original  ventral  dilatation  is  still  visible. 
The  outer  or  somatic  wall  of  the  plates  retains  its  previous 
simple  constitution.  The  splanchnic  wall  has  however  a  some- 
what complicated  structure.  It  is  composed  dorsally  and  ven- 
trally  of  a  columnar  epithelium,  but  in  its  middle  portion  of 
the  muscle-cells  previously  spoken  of.  Between  these  and  the 
central  cavity  of  the  plates  the  epithelium  forming  the  re- 
mainder of  the  layer  commences  to  insert  itself;  so  that  be- 
tween the  first-formed  muscle  and  the  cavity  of  the  muscle- 
plate  there  appears  a  thin  layer  of  cells,  not  however  continuous 
throughout. 

At  the  end  of  the  period  K  the  muscle-plates  have  extended 
dorsally  two-thirds  of  the  way  up  the  sides  of  the  spinal  cord, 
and  ventrally  to  the  level  of  the  segmental  duct.  Their  edges  are 
not  straight,  but  are  bent  into  an  angular  form,  with  the  i^x 
pointing  forwards.   Vide  PL  vi.  fig.  I7wip. 

Before  the  end  of  the  period  a  number  of  connective-tissue 
cells  make  their  appearance,  and  extend  upwards  from  the 
dorsal  summit  of  the  muscle-plates  around  the  top  of  the 
spinal  cord.    These  cells  are  at  first  rounded,  but  become 
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typical  branched  connectiTe-tissue  cells  before  the   close   of 
the  period  (PL  v.  fig.  7  and  8). 

Between  stages  I  and  K  the  bodies  of  the  vertebrae  rapidly 
increase  in  size  and  send  prolongations  downwaixis  and  inwards 
to  meet  below  the  notochord. 

These  soon  become  indistinguishaUy  fused  with  other  cells 
which  appear  in  the  area  between  the  alimentary  cavity  and 
the  notochord,  but  probably  serve  alone  to  form  the  vertebral 
bodies,  while  the  cells  adjoining  them  form  the  basis  for  the 
connective  tissue  of  the  kidneys,  &c. 

The  vertebral  bodies  also  send  prolongations  dorsalwards 
between  the  sides  of  the  spinal  cord  and  the  muscle-plates. 
These  grow  round  till  they  meet  above  the  spinal  and  enclose 
the  dorsal  nerve«^oot&  They  80<m  however  become  fused  with 
the  dorsal  prolongations  from  the  muscle-plates,  at  least  so  tar 
as  my  methods  of  investigation  enable  me  to  determine ;  but  it 
appears  to  me  pPobaUe  that  they  in  reality  remain  distinct, 
and  beoome  converted  into  the  neural  arches,  while  the  con- 
nective-tissue cells  from  the  muscle-plates  form  the  adjoining 
subcutaneous  and  inter-muscular  connective  tissue. 

All  the  cells  of  vertebral  rudiments  become  stellate  and 
form  typical  embryonic  connective  tissue.  The  rudiments 
however  still  retain  their  primitive  segm^itation,  corresponding 
with  that  of  the  muscle-plates,  and  do  not  during  this  period 
acquire  their  secondary  segmentation.  Their  segmentation  is 
however  less  clear  than  it  was  at  an  earlier  period,  and  in 
the  dorsal  part  of  the  vertebral  rudiments  is  mainly  indicated 
by  the  dorsal  nerve-roots,  which  always  pass  out  in  thq  interval 
between  two  vertebral  rudiments.    Tide  PL  vi.  fig.  12  pr^ 

Intermediate  Cell-'Mass,  At  about  the  period  when  the 
muscle-plates  become  completely  free,  a  fusion  takes  place  be- 
tween the  somatopleure  and  splanchnopleure  immediately  above 
the  dorsal  extremity  of  the  true  body-cavity  (PI.  v.  fig.  6). 
The  cells  in  the  immediate  neighbourhood  of  this  fusion  form 
a  special  mass,  which  we  may  call  the  intermediate  cell-mass — 
a  name  originally  used  by  Waldeyer  for  the  homologous  cells 
in  the  Chick.  Out  of  it  are  developed  the  urino-genital  organs 
and  the  adjoining  tissues.  At  first  it  foims  little  more  than  a 
columnar  epithelium,  but  by  the  close  of  the  period  is  divided 
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into  (1)  An  epithelium  oa  the  free  surface;  from  this  are 
derived  the  glandular  parts  of  the  kidneys  and  functional  parts 
of  the  genital  glands;  and  (2)  a  subjacent  stroma  which  forms 
the  basis  for  the  connective  tissue  and  vascular  parts  of  these 
organs. 

To  the  history  of  these  parts  a  special  section  is  devoted ; 
and  I  now  pass  to  the  description  of  the  mesoblast  which  lines 
the  body-cavity  and  forms  the  connective  tissue  of  the  body- 
wall^  and  the  muscular  and  connective  tissue  of  the  wall  of  the 
alimentary  canaL 

Body-  Cavity  and  parietal  plates.  By  the  close  of  stage  H,  as 
has  been  already  mentioned,  a  cavity  is  formed  between  the 
somatopleure  and  splanchnopleure  in  the  anterior  part  of  the 
trunk,  which  rapidly  widens  during  the  succeeding  stages. 
Anteriorly,  it  invests  the  heart,  which  arises  during  stage  O,  as 
a  simple  space  between  the  ventral  wall  of  the  throat  and  the 
splanchnopleure  (PL  V.  fig.  4).     Posteriorly  it  ends  blindly. 

This  cavity  forms  in  the  region  of  the  heart  the  rudiment 
of  the  pericardial  cavity.  The  remainder  of  the  cavity  forms 
the  true  body-cavity. 

Immediately  behind  the  heart  the  alimentary  canal  is  still 
open  to  the  yolk-sac^  and  here  naturally  the  two  lateral  halves 
of  the  body-cavity  are  separated  from  each  other.  In  the  tail 
of  the  embryo  no  body-cavity  has  appeared  by  stage  I,  although 
the  parietal  plates  of  mesoblast  are  distinctly  divided  into 
somatic  and  splanchnic  layers.  In  the  caudal  region  the  lateral 
plates  of  mesoblast  of  the  two  sides  do  not  unite  ventrally,  but 
are,  on  the  contrary,  quite  disconnected.  Their  ventral  edge  is 
moreover  much  swollen  (PL  v.  fig.  1).  At  the  caudal  swelling 
the  mesoblast  plates  cease  to  be  distinctly  divided  into  somato- 
pleure and  splanchnopleure,  and  more  or  less  fuse  with  the 
hypoblast  of  the  caudal  vesicle  (PL  V.  fig.  2). 

Between  stages  I  and  K  the  body-cavity  extends  backwards 
behind  the  point  where  the  anus  is  about  to  appear,  though 
it  never  reaches  quite  to  the  extreme  end  of  the  tail.  The 
backward  extension  of  the  body-cavity,  as  is  primitively 
the  case  everywhere,  is  formed  of  two  independent  lateral 
halves  (PL  vi.  fig.  9  a).  Anteriorly,  opposite  the  hind  end  of 
the  small  intestine,  these  two  lateral  halves  imite  ventrally  to 


DEVELOPMENT  OP  EXASUOBBANCH  FISHES.  141 

form  a  single  cavity  in  which  hangs  the  small  intestine  (PL  v. 
fig.  8)  suspended  by  a  very  short  mesentery. 

The  .most  important  change  which  takes  place  in  the  body* 
cavity  during  this  period  is  the  formation  of  a  septum  which 
separates  off  a  pericardial  cavity  from  the  true  body-cavity. 

Immediately  in  front  of  the  liver  the  splanchnic  and 
somatic  walls  of  the  body  come  into  very  close  contact,  and  I 
believe  unite  over  the  greater  part  of  their  extent.  The  septum 
so  formed  divides  the  original  body-cavity  into  an  anterior 
section  or  pericardial  cavity,  and  a  posterior  section  or  true  body« 
cavity.  There  is  left»  however,  on  each  side  dorsaily  a  rather 
narrow  passage  which  serves  to  unite  the  pericardial  cavity  in 
front  with  the  true  body-cavity  behind. 

In  PI.  V.  fig.  8  a,  there  is  seen  on  one  side  a  section  through 
this  passage,  while  on  the  other  side  the  passage  is  seen  to  be 
connected  with  the  pericardial  cavity. 

It  is  not  possible  from  transverse  sections  to  determine  for 
certain  whether  the  septum  spoken  of  is  complete.  An  exami- 
nation of  longitudinal  horizontal  sections  from  an  embryo 
belonging  to  the  close  of  the  stage  K  has  however  satisfied 
me  that  this  septum,  by  that  stage  at  any  rate,  is  fully  formed. 

The  two  lateral  passages  spoken  of  above  probably  unite 
in  the  adult  to  form  the  passage  connecting  the  pericardial 
with  the  peritoneal  cavity,  which,  though  provided  with  but  a 
single  orifice  into  the  pericardial  cavity,  divides  into  two  limbs 
before  opening  into  the  peritoneal  cavity. 

The  body-cavity  undergoes  no  further  changes  of  importance 
till  the  close  of  the  period. 

Somatopleure  and  Splamchriaplewre,  Both  the  somatic  and 
splanchnic  walls  of  the  body-cavity  during  stage  I  exhibit  a 
simple  uniform  character  throughout  their  whole  extent.  They 
are  formed  of  columnar  cells  where  they  line  the  dorsal  part 
of  the  body-cavity,  but  ventrally  of  more  rounded  and  irregular 
cells  (PL  V.  fig  5). 

In  them  may  occasionally  be  seen  aggregations  of  very 
peculiar  and  large  cells  with  numerous  highly  refracting 
spherules ;  the  cells  forming  these  are  not  unlike  the  primitive 
ova  to  be  described  subsequently,  but  are  probably  large  cells 
derived  from  the  yolk. 
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It  id  during  the  stage  intennediate  between  I  and  E  that 
the  first  changes  become  visible  whidi  indicate  a  distinctian 
between  an  epithelium  (endothelium)  lining  the  body-cavity 
and  the  connective  tissue  adjoining  this. 

There  are  at  first  but  very  few  connective-tissue  cells 
between  the  epithelium  of  the  somatic  layer  of  the  mesoUast 
and  the  epiblast,  but  a  connection  between  them  is  established 
by  peculiar  protoplasmic  processes  which  pass  from  the  one  to 
the  other  (PL  v.  fig.  8).  Towards  the  end  of  stage  K,  however, 
there  appears  between  the  two  a  network  of  mesoblastic  cells 
connecting  them  together.  In  the  rudimentary  outgrowth  to 
form  the  limbs  the  mesoblast  cells  of  the  somatic  layer  ^yre 
crowded  in  an  especially  dense  manner. 

From  the  first  tiie  connective-tissue  cells  around  the  hypo- 
blastic  epithelium  of  the  alimentary  tract  are  fairly  numerous 
(PL  V.  fig.  8),  and  by  the  close  of  this  period  become  concentrically 
arranged  round  the  intestinal  epithelium,  though  not  divided 
into  distinct  layers.  A  special  aggregation  of  them  is  present 
in  the  hollow  of  the  rudimentary  spiral  valve* 

Behind  the  anal  r^on  the  two  layers  of  the  mesoblast 
(somatic  and  splanchni<^  completely  fuse  daring  stage  E»  and 
form  a  mass  of  stellate  cells  in  which  no  distinction  into  two 
layers  can  be  detected  (PL  vi.  fig.  9  c,  9  d). 

The  alimentary  canal,  which  at  first  lies  dose  below  the 
aorta^  becomes  during  this  period  gradually  carried  further  and 
further  from  this,  remaining  however  attached  to  the  roof  of 
the  body-cavity  by  a  thin  layer  of  the  mesoblast  of  the  splanch- 
nopleure  formed  of  an  epithelium  on  each  side,  and  a  few 
interposed  connective-tissue  cells.  This  is  the  mesentery  which 
by  the  close  of  stage  K  is  of  considerable  length  in  the  region 
of  the  stomach,  though  shorter  elsewhere. 


The  above  account  of  the  protovertebrae  and  body-cavity  ap- 
plies solely  to  the  genera  E^stiurus  and  Scyllium.  The  changes 
of  these  parts  in  Torpedo  only  differ  from  those  of  Pristiurus 
in  unimportant  though  fairly  noticeable  details.  Without 
entering  into  any  full  descriptiou  of  these  it  may  be  pointed 
out  that  both  the  true  body-cavity  and  its  continuations  into 
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the  protoYeitebce  appear  later  in  Torpedo  than  in  Pristiums 
and  ScyUium.  In  some  cases  eyen  the  muscle-plates  become 
definitelj  separated  and  independent  before  the  true  body- 
cavity  haa  appeared.  As  a  result  of  this  the  primitive  con- 
tinuity of  the  body-cavity  and  cavity  of  the  musde-plates 
becomes  to  a  certain  extent  masked,  though  its  presence  may 
easily  be  detected  by  the  obvious  continuity  T^hich  at  first 
exists  between  the  somatic  and  splanchnic  layers  of  mesoblast 
and  the  two  layers  of  the  muscle-plate.  In  the  muscle-plate 
itself  the  chief  point  to  be  noticed  is  the  fact  tliat  the  earlier 
formed  bands  of  muscles  {mp)  arise  very  much  later,  and  are 
less  conspicuous,  in  Torpedo  than  in  the  genera  first  described. 
They  are  however  present  and  fonctionai. 

The  anatomical  relations  of  ti&e  body-cavity  itself  are  pre- 
cisely the  same  in  Toipedo  as  in  Piistiurus  and  Scyllium,  and 
the  pericardial  cavity  becomes  separated  from  the  peritoneal 
in  same  way  in  all  the  genera;  the  two  lateral  canals  connect- 
ing the  two  cavities  being  also  present  in  all  the  three  genera. 
The  two  independent  parietal  plates  of  mesoblast  of  the  posterior 
-parts  of  the  body  have  ventrally  a  swollen  edge,  as  in  Pristiurus, 
and  in  this  a  cavity  appears  which  forms  a  posterior  continua- 
tion of  the  true  body-cavity. 

Resumi,  The  primitive  independent  mesoblast  plates  of  the 
two  sides  of  the  body  become  divided  into  two  layers,  a  somatic 
and  a  splanchnic  (Hautfaserblatt  and  Darmfaserblatt).  At  the 
same  time  in  the  dorsal  part  of  the  mesoblast  plate  a  series  of 
transverse  splits  appear  and  serve  to  distinguish  a  dorsal  or 
vertebral  part  of  the  plate  from  a  ventral  or  parietid  part. 

Between  the  somatic  and  splanchnic  layers  of  the  mesoblast 
plate  a  cavity  arises  which  is  continued  quite  to  the  summit 
of  the  vertebral  part  of  the  plate.  This  is  the  primitive  body- 
cavity  ;  and  at  first  the  cavity  is  divided  into  two  lateral  and 
independent  halves. 

The  next  change  which  takes  place  is  the  complete  separa- 
tion of  the  vertebral  portion  of  the  plate  from  the  parietal ; 
thereby  the  upper  segmented  part  of  the  body-cavity  becomes 
isolated  and  separated  from  the  lower  and  unsegmented  part. 
In  connection  with  this  change  in  the  constitution  of  the  body- 
cavity  there  are  formed  a  series  of  rectangular  plates,  each  com- 
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posed  of  two  layers,  a  somatic  and  a  splanchnic,  between  whidi. 
is  the  cavity  originally  continaous  with  the  body-cavity.  The 
splanchnic  layer  of  the  plates  buds  off  cells  to  form  the  rudi- 
ments of  the  vertebral  bodies  which  are  originally  segmented 
in  the  same  planes  as  the  protovertebrse.  The  plates  thenx- 
selves  remain  as  the  muscle-plates  and  develop  a  special  layer 
of  muscle  (mp')  in  their  splanchnic  layer. 

In  the  meantime  the  parietal  plates  of  the  two  sides  unite 
ventrally  throughout  the  intestinal  and  cardiac  regions  of  the 
body,  and  the  two  primitively  isolated  cavities  contained  in  them 
coalesce.  Posteriorly  however  the  plates  do  not  unite  ventrally, 
and  their  contained  cavities  remain  distinct. 

At  first  the  pericardial  cavity  is  quite  continuous  with  the 
body-cavity;  but  by  the  close  of  the  period  included  in  the 
present  chapter  it  becomes  separated  from  the  body-cavity  by  a 
septum  in  front  of  the  liver,  which  is  however  pierced  dorsally 
by  two  narrow  channels. 

The  parts  derived  from  the  two  layers  of  the  mesoblast  (not 
including  special  organs  or  the  vascular  system)  are  as  follow : — 

From  the  somatic  layer  are  formed 

(1)  A  considerable  part  of  the  voluntary  muscular  system 

of  the  body. 

(2)  The  dermis. 

(3)  A  large  part  of  the  intermuscular  connective  tissue. 

(4)  Part  of  the  peritoneal  epithelium. 

From  the  splanchnic  layer  are  formed 

(1)  A  great  part  of  the  voluntary  muscular  system. 

(2)  Part  of  the  intermuscular  connective  tissue  (?). 

(3)  The  axial  skeleton. 

(4)  The  muscular  and  connective-tissue   wall    of   the 

alimentary  tract. 

(5)  A  great  part  of  the  peritoneal  epithelium. 

OenercU  Considerations,  In  the  history  which  has  just  been 
given  of  the  development  of  the  mesoblast,  there  are  several 
points  which  appear  to  me  to  throw  light  upon  the  primitive 
origin  of  that  layer.  Before  entering  into  these  it  is  however 
necessaiy  to  institute  a  comparison  between  the  histoiy  of  the 
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mesoblast  in  Elasmobranchs  and  in  other  Vertebrates,  in  order 
to  distinguish  as  far  as  possible  the  primitive  and  the  secondary 
characters  present  in  the  various  groups. 

Though  the  Mammals  are  to  be  looked  on  as  the  most 
differentiated  group  amongst  the  Vertebrates,  yet  in  their 
embryonic  history  they  retain  many  very  primitive  features, 
and»  as  has  been  recently  shewn  by  HensenS  present  numerous 
remarkable  approximations  to  the  Elasmobranchs.  We  find  ac- 
cordingly' that  the  primitive  lateral  plates  of  mesoblast  undergo 
nearly  the  same  changes  in  these  two  groups.  In  Mammals 
there  is  at  first  a  continuous  cavity  extending  through  both 
the  parietal  and  vertebral  portions  of  each  plate,  and  dividing 
the  plates  into^  somatic  and  a  splanchnic  layer :  this  cavity  is 
the  primitive  body-cavity.  The  vertebral  portion  of  each  plate 
with  its  contained  cavity  then  becomes  divided  off  from  the 
parietal.  The  later  development  of  these  parts  is  not  accurately 
known,  but  it  seems  that  the  outer  portion  of  each  vertebral 
plate,  composed  of  two  layers  (somatic  and  splanchnic)  en- 
closing between  them  a  remnant  of  the  primitive  body-cavity, 
becomes  separated  off  as  a  muscle-plate.  The  remainder 
forms  a  vertebral  rudiment,  &c.  Thus  the  extension  of  the 
body-cavity  into  the  vertebral  portion  of  the  mesoblast,  and  the 
constriction  of  the  vertebral  portion  of  the  cavity  from  the  re- 
mainder, are  as  distinctive  features  of  Mammals  as  they  are  of 
the  Elasmobranchs. 

In  Birds'  horizontal  splitting  of  the  mesoblast  into  somatic 
and  splanchnic  layers  appears,  as  in  Mammals,  to  extend  at  first 
to  the  summit  of  the  protovertebrae,  but  these  bodies  become 
so  early  separated  from  the  parietal  plates  that  this  fact  has 
usually  been  overlooked  or  denied;  but  even  on  the  second 
day  of  incubation  the  outer  layer  of  the  protovertebrss  is 
continuous  with  the  somatic  layer  of  the  lateral  plates,  and 
the  inner  layer  and  kernel  of  the  protovertebrse  with  the 
splanchnic  layer  of  the   lateral  plates\     After  the  isolation 

^  ZeiUchriJtf,  Anat.  Entmcklimgsgeaehichte,  YoL  i. 
'  Hensen  he,  eit. 

*  For  the  histoxy  ol  protovertebro  and  mnsole-plateB  in  BirdB,  vide  Ele- 
ments of  Embryology y  Foster  and  Balfour.  The  statement  there  made  that  the 
horizontal  splitting  of  the  mesoblast  does  not  extend  to  the  sommit  of  the 
yertebral  plate,  must  however  be  regarded  as  doubtful. 

*  Vide  Elements  of  EwhryoUigy^  p.  66. 
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muscle-band  just  described,  begins  to  proliferate^  and  produce 
a  number  of  cells,i  which  at  ance  grow  in  between  the  musdes 
and  the  notochord.  These  cells  are  very  easily  seen  both  in 
transverse  and  longitudinal  sections^  and  form  the  commencing 
vertebral  bodies  (PI.  v.  fig.  6»  and  PL  vi.  fig.  10  and  11  Vr). 

At  first  the  vertebral  bodies  have  the  same  s^mentation  aa 
the  protovertebrae  from  which  they  sprang ;  that  is  to  say,  they 
form  masses  of  embryonic  cells  separated  from  each  other  by 
narrow  slits,  continuous  with  the  slits  separating  the  proto- 
vertebrae. They  have  therefore  at  their  first  appearance  a 
segmentation  completely  different  from  that  which  tiiey  event- 
ually acquire  (PL  VL  fig.  11). 

After  the  separation  of  the  vertebral  bodies  &om  the  proto- 
vertebrse,  the  remaining  parts  of  the  protovertebrae  may  be 
called  muscle-plates ;  since  they  become  directly  converted  into 
the  whole  voluntary  muscular  system  of  the  trunk.  At  the  time 
when  the  cavity  of  the  muscle-plates  has  become  completely 
separate  from  tiie  body-cavity,  the  muscle-plates  themselvee 
are  oblong  structures,  with  two  walls  enclosing  the  cavity  just 
mentioned,  in  which  the  original  ventral  dilatation  is  still  visible* 
The  outer  or  somatic  wall  of  the  plates  retains  its  previous 
simple  constitution.  The  splanchnic  wall  has  however  a  some- 
what complicated  structure.  It  is  composed  dorsally  and  ven- 
traUy  of  a  columnar  epitheUum,  but  in  its  middle  portion  of 
the  muscle-cells  previously  spoken  of.  Between  these  and  the 
central  cavity  of  the  plates  the  epithelium  forming  the  re- 
mainder of  the  layer  commences  to  insert  itself;  so  that  be- 
tween the  first-formed  muscle  and  the  cavity  of  the  muscle- 
plate  there  appears  a  thin  layer  of  cells,  not  however  continuous 
throughout. 

At  the  end  of  the  period  K  the  muscle-plates  have  extended 
dorsally  two-thirds  of  the  way  up  the  sides  of  the  spinal  cord, 
and  ventrally  to  the  level  of  the  segmental  duct  Their  edges  are 
not  straight,  but  are  bent  into  an  angular  form,  with  the  9fex 
pointing  forwards.   Vide  PL  Vi.  fig.  17  wp. 

Before  the  end  of  the  period  a  number  of  connective-tissue 
cells  make  their  appearance,  and  extend  upwards  from  the 
dorsal  summit  of  the  muscle-plates  around  the  top  of  the 
spina.1  cord.    These  cells  are  at  fiorst  rounded,  but  become 
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topical  branched  connectiTe-tissue  cells  before  the   close   of 
the  period  (PL  V.  fig.  7  and  8). 

Between  stages  I  and  K  the  bodies  of  the  Tertebrse  rapidly 
increase  in  size  and  send  prolongations  downwanis  and  inwards 
to  meet  below  the  notochord. 

These  soon  become  indistingaishably  fused  with  other  cells 
which  appear  in  the  area  between  the  alimentary  cavity  and 
the  notochord,  but  probably  senre  alone  to  form  the  vertebral 
bodies,  while  the  cells  adjoining  them  form  the  basis  for  the 
connective  tissue  of  the  kidneys,  &c. 

The  vertebral  bodies  also  send  prolongations  dorsalwards 
between  the  sides  of  the  spinal  cord  and  the  muscle-plates. 
These  grow  round  till  they  meet  above  the  spinal  and  enclose 
the  dorsal  nerv&-root&  They  soon  however  become  fused  with 
the  dorsal  prolongations  from  the  muscle-plates,  at  least  so  fi&r 
as  my  methods  of  investigation  enable  me  to  determine ;  but  it 
appears  to  me  probable  that  they  in  reality  remain  distinct, 
and  become  converted  into  the  neural  arches,  while  the  con- 
nective-tissue cells  from  the  muscle-plates  form  the  adjoining 
subcutaneous  and  inter-muscular  connective  tissue. 

All  the  cells  of  vertebral  rudiments  become  stellate  and 
form  typical  embryonic  connective  tissue.  The  rudiments 
however  stiU  retain  their  primitive  segmentation,  corresponding 
with  that  of  the  muscle-plates,  and  do  not  during  this  period 
acquire  their  secondary  segmentation.  Their  segmentation  is 
however  less  clear  than  it  was  at  an  earlier  period,  and  in 
the  dorsal  part  of  the  vertebral  rudiments  is  mainly  indicated 
by  the  dorsal  nerve-roots,  which  always  pass  out  in  the.  interval 
between  two  vertebral  rudiments.    Vide  PL  VI.  fig.  12  pr^ 

Intermediate  CeU^Mass.  At  about  the  period  when  the 
muscle-plates  become  completely  free,  a  fusion  takes  place  be- 
tween the  somatopleure  and  splanchnopleure  immediately  above 
the  dorsal  extremity  of  the  true  body-cavity  (PL  v.  fig,  6). 
The  cells  in  the  immediate  neighbourhood  of  this  fusion  form 
a  special  mass,  which  we  may  call  the  intermediate  cell-mass — 
a  name  originally  used  by  Waldeyer  for  the  homologous  cells 
in  the  Chick.  Out  of  it  are  developed  the  urino-genital  organs 
and  the  adjoining  tissues.  At  first  it  forms  little  more  than  a 
columnar  epithelium,  but  by  the  close  of  the  period  is  divided 
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into  (1)  An  epithelium  oa  the  free  surface;  from  this  are 
derived  the  glandular  parts  of  the  kidneys  and  functional  parts 
of  the  genital  glands;  and  (2)  a  subjacent  stroma  which  forms 
the  basis  for  the  connective  tissue  and  vascular  parts  of  these 
organs. 

To  the  history  of  these  parts  a  special  section  is  devoted ; 
and  I  now  pass  to  the  description  of  the  mesoblast  which  lines 
the  body-cavity  and  forms  the  connective  tissue  of  the  body- 
wall,  and  the  muscular  and  connective  tissue  of  the  wall  of  the 
alimentary  canal. 

Body-  Cavity  and  parietal  plates.  By  the  close  of  stage  H,  as 
has  been  already  mentioned,  a  cavity  is  formed  between  the 
somatopleure  and  splanchnopleure  in  the  anterior  part  of  the 
trunk,  which  rapidly  widens  during  the  succeeding  stages. 
Anteriorly,  it  invests  the  heart,  which  arises  during  stage  O,  as 
a  simple  space  between  the  venti*al  wall  of  the  throat  and  the 
splanchnopleure  (Fl.  Y.  fig.  4).     Posteriorly  it  ends  blindly. 

This  cavity  forms  in  the  region  of  the  heart  the  rudiment 
of  the  pericardial  cavity.  The  remainder  of  the  cavity  forms 
the  true  body-cavity* 

Immediately  behind  the  heart  the  alimentary  canal  is  still 
open  to  the  yolk-sac,  and  here  naturally  the  two  lateral  halves 
of  the  body*cavity  are  separated  from  each  other.  In  the  tail 
of  the  embryo  no  body-cavity  has  appeared  by  stage  I,  although 
the  parietal  plates  of  mesoblast  are  distinctly  divided  into 
somatic  and  splanchnic  layers.  In  the  caudal  region  the  lateral 
plates  of  mesoblast  of  the  two  sides  do  not  unite  ventrally,  but 
are,  on  the  contrary,  quite  disconnected.  Their  ventral  edge  is 
moreover  much  swollen  (PL  v.  fig.  1).  At  the  caudal  swelling 
the  mesoblast  plates  cease  to  be  distinctly  divided  into  somato- 
pleure and  splanchnopleure,  and  more  or  less  fuse  with  the 
hypoblast  of  the  caudal  vesicle  (PL  v.  fig.  2). 

Between  stages  I  and  K  the  body-cavity  extends  backwards 
behind  the  point  where  the  anus  is  about  to  appear,  though 
it  never  reaches  quite  to  the  extreme  end  of  the  taiL  The 
backward  extension  of  the  body-cavity,  as  is  primitively 
the  case  everywhere,  is  formed  of  two  independent  lateral 
halves  (PL  vi.  fig.  9  a).  Anteriorly,  opposite  the  hind  end  of 
the  small  intestine,  these  two  lateral  halves  unite  ventrally  to 
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form  a  single  cavity  in  which  hangs  the  small  intestine  (PL  v. 
fig.  8)  suspended  by  a  very  short  mesentery. 

The  .most  important  change  which  takes  place  in  the  body* 
cavity  during  this  period  is  the  formation  of  a  septum  which 
separates  o£F  a  pericardial  cavity  from  the  true  body-cavity. 

Immediately  in  front  of  the  liver  the  splanchnic  and 
somatic  walls  of  the  body  come  into  very  close  contact,  and  I 
believe  unite  over  the  greater  part  of  their  extent.  The  septum 
so  formed  divides  the  orig^al  body-cavity  into  an  anterior 
section  or  pericardial  cavity,  and  a  posterior  section  or  true  body- 
cavity.  There  is  left»  however,  on  each  side  dorsaliy  a  rather 
narrow  passage  which  serves  to  unite  the  pericardial  cavity  in 
front  with  the  true  body-cavity  behind 

In  PL  V.  fig.  8  a,  there  is  seen  on  one  side  a  section  through 
this  passage,  while  on  the  other  side  the  passage  is  seen  to  be 
connected  with  the  pericardial  cavity. 

It  is  not  possible  from  transverse  sections  to  determine  for 
certain  whether  the  septum  spoken  of  is  complete.  An  exami- 
nation of  longitudinal  horizontal  sections  from  an  embryo 
belonging  to  the  close  of  the  stage  K  has  however  satisfied 
me  that  this  septum,  by  that  stage  at  any  rate,  is  fully  formed. 

The  two  lateral  passages  spoken  of  above  probably  unite 
in  the  adult  to  form  the  passage  connecting  the  pericardial 
with  the  peritoneal  cavity,  which,  though  provided  with  but  a 
single  orifice  into  the  pericardial  cavity,  divides  into  two  limbs 
before  opening  into  the  peritoneal  cavity. 

The  body-cavity  undergoes  no  further  changes  of  importance 
till  the  close  of  the  period. 

Somatopleure  and  Spkmchnopleure*  Both  the  somatic  and 
splanchnic  walls  of  the  body-cavity  during  stage  I  exhibit  a 
simple  uniform  character  throughout  their  whole  extent.  They 
are  formed  of  columnar  cells  where  they  line  the  dorsal  part 
of  the  body-cavity,  but  ventrally  of  more  rounded  and  irregular 
cells  (PI.  V.  fig.  5). 

In  them  may  occasionally  be  seen  aggregations  of  very 
peculiar  and  large  cells  with  numerous  highly  refracting 
spherules ;  the  cells  forming  these  are  not  unlike  the  primitive 
ova  to  be  described  subsequently,  but  are  probably  large  cells 
derived  from  the  yolk. 
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It  id  during  the  stage  intermediate  between  I  and  K  that 
the  first  changes  become  visible  which  indicate  a  distinctioa 
between  an  epithelium  (endothelium)  lining  the  body'-cavity 
and  the  connective  tissue  adjoining  this. 

There  are  at  first  but  very  few  connective-tissue  cells 
between  the  epithelium  of  the  somatic  layer  of  the  mesoblast 
and  the  epiblast,  but  a  connection  between  them  is  established 
by  peculiar  protoplasmic  processes  which  pass  from  the  one  to 
the  other  (PI.  V.  fig.  8).  Towards  the  end  of  stage  K,  however, 
there  appears  between  the  two  a  network  of  mesobiastic  ceils 
connecting  them  together.  In  the  rudimentary  outgrowth  to 
form  the  limbs  the  mesoblast  cells  of  the  somatic  layer  are 
crowded  in  an  especially  dense  manner. 

From  the  first  the  connective-tissue  oeUs  around  the  hypo- 
blastic  epithelium  of  the  alimentary  tract  are  fairly  numerous 
(PL  v.  fig.  8),  and  by  the  close  of  this  period  become  concentrically 
arranged  round  the  intestinal  epithelium,  though  not  divided 
into  distinct  layers.  A  special  aggr^;ation  of  them  is  present 
in  the  hollow  of  the  rudimentaiy  spiral  valve. 

Behind  the  anal  r^on  the  two  layers  of  the  mesoblast 
(somatic  and  fiplanchnic)  completely  fuse  daring  stage  K^  and 
form  a  mass  of  stellate  cells  in  which  no  distinction  into  two 
layers  can  be  detected  (PL  VL  fig.  9  c,  9  d). 

The  alimentary  canal,  which  at  first  lies  dose  below  the 
aorta,  becomes  during  this  period  gradually  carried  further  and 
further  from  this,  remaining  however  attached  to  the  roof  of 
the  body-cavity  by  a  thin  layer  of  the  mesoblast  of  the  splanch- 
nopleure  formed  of  an  epithelium  on  eadi  side,  and  a  few 
interposed  connective-tissue  cells.  This  is  the  mesentery  which 
by  the  close  of  stage  K  is  of  considerable  length  in  the  region 
of  the  stomach,  though  shorter  elsewhere. 


The  above  account  of  the  protovertebrae  and  body-cavity  ap- 
plies solely  to  the  genera  Pristiurus  and  Scyilium.  The  changes 
of  these  parts  in  Torpedo  only  diflfer  from  those  of  Pristiurus 
in  unimportant  though  fairly  noticeable  details.  Without 
entering  into  any  full  description  of  these  it  may  be  pointed 
out  that  both  the  true  body-cavity  and  its  continuations  into 
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the  piotorertebiae  appear  later  in  Torpedo  than  in  Pristiums 
and  Scyllium.  In  some  cases  even  the  muscle-plates  become 
definitely  separated  and  independent  before  the  true  body- 
cavity  bas  appeared.  As  a  result  of  this  the  primitive  con- 
tinaity  of  the  body-cavity  and  cavity  of  the  muscle-plates 
becomes  to  a  certain  extent  masked,  though  its  presence  may 
easily  be  detected  by  the  obvious  continuity  vhich  at  first 
exists  between  the  somatic  and  splanchnic  layers  of  mesoblast 
and  the  two  layers  of  the  muscle-plate.  In  the  muscle-plate 
itself  the  chief  point  to  be  noticed  is  the  fact  that  the  earlier 
formed  bands  of  muscles  {mp)  arise  very  raudi  later,  and  are 
less  conspicuous,  in  Torpedo  than  in  the  genera  fiiBt  described. 
They  are  however  present  and  functional. 

The  anatomical  relations  of  the  body-cavity  itself  are  pre- 
cisely the  same  in  Torpedo  as  in  Pristiurus  and  Scyllium,  and 
the  pericardial  cavity  becomes  separated  from  the  peritoneal 
in  same  way  in  all  the  genera;  the  two  lateral  canals  connect- 
ing the  two  cavities  being  also  present  in  all  the  three  genera. 
l%e  two  independent  parietal  plates  of  mesoblast  of  the  posterior 
parts  of  the  body  have  ventrally  a  swollen  edge,  as  in  Pristiurus, 
and  in  this  a  cavity  appears  which  forms  a  posterior  continua- 
tion of  the  true  body-cavity. 

Besumi.  The  primitive  independent  mesoblast  plates  of  the 
two  sides  of  the  body  become  divided  into  two  layers,  a  somatic 
and  a  splanchnic  (Hautfaserblatt  and  Darmfaserblatt).  At  the 
same  time  in  the  dorsal  part  of  the  mesoblast  plate  a  series  of 
transverse  splits  appear  and  serve  to  distinguish  a  dorsal  or 
vertebral  part  of  the  plate  from  a  ventral  or  parietal  part. . 

Between  the  somatic  and  splanchnic  layers  of  the  mesoblast 
plate  a  cavity  arises  which  is  continued  quite  to  the  summit 
of  the  vertebral  part  of  the  plate.  This  is  the  primitive  body- 
cavity  ;  and  at  first  the  cavity  is  divided  into  two  lateral  and 
independent  halves. 

The  next  change  which  takes  place  is  the  complete  separa- 
tion of  the  vertebrsd  portion  of  the  plate  firom  the  parietal ; 
thereby  the  upper  segmented  part  of  the  body-cavity  becomes 
isolated  and  separated  from  the  lower  and  unsegmented  part. 
In  connection  with  this  change  in  the  constitution  of  the  body- 
cavity  there  are  formed  a  series  of  rectangular  plates,  each  com- 
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posed  of  two  layers,  a  somatic  and  a  splanchnic,  between  whidx 
is  the  cavity  originally  continuous  with  the  body-cavity.  The 
splanchnic  layer  of  the  plates  buds  off  cells  to  form  the  rudi— 
ments  of  the  vertebral  bodies  which  are  originally  segmented 
in  the  same  planes  as  the  protovertebrss*  The  plates  them* 
selves  remain  as  the  muscle-plates  and  develop  a  special  layer 
of  muscle  (mp')  in  their  splanchnic  layer. 

In  the  meantime  the  parietal  plates  of  the  two  sides  unite 
ventrally  throughout  the  intestinal  and  cardiac  regions  of  the 
body,  and  the  two  primitively  isolated  cavities  contained  in  them, 
coalesce.  Posteriorly  however  the  plates  do  not  unite  ventrally, 
and  their  contained  cavities  remain  distinct. 

At  first  the  pericardial  cavity  is  quite  continuous  with  the 
body-cavity;  but  by  the  close  of  the  period  included  in  the 
present  chapter  it  becomes  separated  from  the  body-cavity  by  a 
septum  in  front  of  the  liver,  which  is  however  pierced  dorsally 
by  two  narrow  channels. 

The  parts  derived  from  the  two  layers  of  the  mesoblast  (not 
including  special  organs  or  the  vascular  system)  are  as  follow : — 

From  the  somatic  layer  are  formed 

(1)  A  considerable  part  of  the  voluntary  muscular  system 

of  the  body. 

(2)  The  dermis. 

(3)  A  large  part  of  the  intermuscular  connective  tissue. 

(4)  Part  of  the  peritoneal  epithelium. 

From  the  splanchnic  layer  are  formed 

(1)  A  great  part  of  the  voluntary  muscular  system. 

(2)  Part  of  the  intermuscular  connective  tissue  (?). 

(3)  The  axial  skeleton. 

(4)  The  muscular  and  connective-tissue  wall    of   the 

alimentary  tract. 

(5)  A  great  part  of  the  peritoneal  epithelium. 

General  ConsideraMona.  In  the  history  which  has  just  been 
given  of  the  development  of  the  mesoblast,  there  are  several 
points  which  appear  to  me  to  throw  light  upon  the  primitive 
origin  of  that  layer.  Before  entering  into  these  it  is  however 
necessary  to  institute  a  comparison  between  the  history  of  the 


1 


DEVELOPMENT  OF  ELASHOBRANCH  FISHEa  145 

mesoblast  in  Elasmobrandis  and  in  other  Vertebrates,  in  order 
to  distinguish  as  far  as  possible  the  primitive  and  the  secondary 
characters  present  in  the  various  groups. 

Though  the  Mammals  are  to  be  looked  on  as  the  most 
differentiated  group  amongst  the  Vertebrates,  yet  in  their 
embryonic  history  they  retain  many  very  primitive  features, 
and^  as  has  been  recently  shewn  by  HensenS  present  numerous 
remarkablie  approximations  to  the  Elasmobranchs.  We  find  ac- 
cordingly' that  the  primitive  lateral  plates  of  mesoblast  undergo 
nearly  the  same  changes  in  these  two  groups.  In  Mammals 
there  is  at  first  a  continuous  cavity  extending  through  both 
the  parietal  and  vertebral  portions  of  each  plate,  and  dividing 
the  plates  into  .a  somatic  and  a  splanchnic  layer :  this  cavity  is 
the  primitive  body-cavity.  The  vertebral  portion  of  each  plate 
with  its  contained  cavity  then  becomes  divided  off  from  the 
parietal.  The  later  development  of  these  parts  is  not  accurately 
known,  but  it  seems  that  the  outer  portion  of  each  vertebral 
plate,  composed  of  two  layers  (somatic  and  splanchnic)  en- 
closing between  them  a  remnant  of  the  primitive  body-cavity, 
becomes  separated  off  as  a  muscle-plate.  The  remainder 
forms  a  vertebral  rudiment,  &c.  Thus  the  extension  of  the 
body-cavity  into  the  vertebral  portion  of  the  mesoblast,  and  the 
constriction  of  the  vertebral  portion  of  the  cavity  from  the  re- 
mainder, are  as  distinctive  features  of  Mammals  as  they  are  of 
the  Elasmobranchs. 

In  Birds'  horizontal  splitting  of  the  mesoblast  into  somatic 
and  splanchnic  layers  appears,  as  in  Mammals,  to  extend  at  first 
to  the  summit  of  the  protovertebrse,  but  these  bodies  become 
so  early  separated  from  the  parietal  plates  that  this  fact  has 
usually  been  overlooked  or  denied;  but  even  on  the  second 
day  of  incubation  the  outer  layer  of  the  protovertebrsB  is 
continuous  with  the  somatic  layer  of  the  lateral  plates,  and 
the  inner  layer  and  kernel  of  the  protovertebrse  with  the 
splanchnic  layer  of  the   lateral  plates*.     After  the  isolation 

1  ZeiUchr^tf.  Anat.  EntincklungsgeMchichte,  Vol  i. 

'  Henaen  loe,  eit, 

>  For  the  histoiy  of  protovertebne  and  muscle-plates  in  Birds,  vide  Ele- 
menu  of  Embryology,  Foster  and  Balfonr.  The  statement  there  made  that  the 
horizontal  splitting  of  the  mesoblast  does  not  extend  to  the  summit  of  the 
vertebral  plate,  must  howeyer  be  regarded  as  doubtful. 

*  Vide  Elements  of  Embryology  t  p.  66. 

VOL.  XL  10 
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of  the  protovertebne  the  primitive  position  of  the  split  which 
separated  their  somatic  and  splanchnic  layers  becomes  obscured, 
but  when  on  the  third  day  the  mnscle-plates  are  formed  they 
are  found  to  be  constitvted  of  two  layersy  cm  inner  and  an  outer ^ 
which  enclose  between  them  a  central  cavity.  This  remarkable 
fact,  which  has  not  received  much  attention,  though  noticeable 
in  most  figures,  receives  a  simple  explanation  on  Darwinian 
principles.  The  central  cavity  of  the  muscle-plate  is,  in  fact, 
a  remnant  of  vertebral  extension  of  the  body-cavity,  and  is 
the  same  cavity  as  that  found  in  the  muscle-plates  of  Elasmo* 
branchs.  The  two  layers  of  the  muscle-plate  also  correspond 
with  the  two  layers  present  in  Elasmobranchs,  the  one  belong- 
ing to  the  somatic,  the  other  to  the  splanchnic  layer  of  meso^ 
blast.  The  remainder  of  the  protovertebras  internal  to  the 
muscle-plates  is  very  large  in  Birds,  and  is  the  equivalent  of 
that  portion  of  the  protovertebrss  which  in  Elasmobranchs  is 
split  off  to  form  the  vertebral  bodies*  (PL  V.  fig.  6, 7, 8,  Vr).  Thus, 
though  the  history  of  the  development  of  the  mesoblast  is  not 
precisely  the  same  for  Birds  as  for  Elasmobranchs,  yet  the  dif- 
ferences between  the  two  groups  are  of  such  a  character  as  to 
prove  in  a  striking  manner  that  the  Avian  development  is  a 
derivation  from  a  more  primary  form,  like  that  of  the  Elasmo- 
branchs. 

According  to  the  statements  of  Bambeke  and  Gotte,  the 
Amphibians  present  rather  remarkable  peculiarities  in  the 
development  of  their  muscular  system.  Each  side-plate  of 
mesoUast  is  divided  into  a  somatic  and  a  splanchnic  layer, 
continuous  throughout  the  vertebral  and  parietal  portions  of 
the  plate.  The  vertebral  portions  (protovertebrss)  of  the  plates 
soon  become  separated  from  the  parietal,  and  form  an  inde- 
pendent mass  of  oells  constituted  of  two  layers,  which  were 
originally  continuous  with  the  somatic  and  splanchnic  layers 
of  the  parietal  plates.     The  outer  or  somatic  layer  of  the 

^  Dr  Gotte,  Entwickltmgsgeschiehte  der  Unke,  p.  534,  giyes  a  different 
aooonnt  of  the  deTelopment  of  the  protovertebre  from  that  in  the  text.  He 
states  that  the  mnscle-plates  do  not  give  rise  to  the  mam  dorso-lateial  muscles, 
bat  only  to  some  sapernoial  ventral  muscles,  while  the  dorso-lateral  mnsdes  are 
according  to  him  formed  from  part  of  the  kernel  of  the  protovertebrsa  internal 
to  the  mtUMle-plates.  The  aceonnt  given  in  the  text  is  the  resnlt  of  my  own 
investigations,  and  accords  precisely  with  the  recent  statements  of  ProfeBsor 
KdUiker,  Entwieklufigigesehichtet  1876. 
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Tertebral  plates  is  formed  of  a  single  row  of  eells,  but  tho 
inner  or  splanchnic  layer  is  made  up  of  a  central  kernel  of 
cells  and  an  inner  single  layer.  This  central  kernel  is  the 
first  portion  of  the  vertebral  body  to  undergo  any  change, 
and  it  becomes  converted  into  the  main  dorso-lateral  muscles 
of  the  body,  which  apparently  correspond  with  the  muscles 
derived  from  the  whole  muscle*plate  of  the  Elasmobranchs. 
From  the  inner  layer  of  the  splanchnic  division  there  are  next 
formed  the  main  internal  ventral  muscles,  rectus  abdominis,  &c., 
as  well  as  the  chief  connective-tissue  elements  of  the  parts 
surrounding  the  spinal  cord.  The  outer  layer  of  the  vertebral 
plates  forms  the  dermis  and  sub-cutaneous  connective  tissue,  as 
well  as  some  of  the  superficial  muscles  of  the  tnink  and  the 
muscles  of  the  limbs. 

Dr  Grotte  appears  to  think  that  the  vertebral  plates  in  Am- 
phibians present  a  perfectly  normal  development  very  similar 
to  that  of  other  Vertebrates.  The  divergences  between  Am- 
phibians and  other  Vertebrates  appear,  however,  to  myself, 
to  be  very  great,  and  although  the  very  careful  account  given 
by  Dr  Gotte  is  probably  to  be  relied  on,  yet  some  further 
explanation  than  he  has  offered  of  the  development  of  these 
parts  amongst  the  Amphibians  would  seem  to  be  required. 

A  primary  stage  in  which  the  two  layers  of  the  vertebral 
plates  are  continuous  with  the  somatic  and  splanchnic  layers 
of  a  body-wall  is  equally  characteristic  of  Amphibians,  Elas- 
mobranchs and  Mammals.  In  the  subsequent  development, 
however,  a  great  difference  between  the  types  becomes  appar- 
ent)  for  whereas  in  Elasmobranchs  both  layers  of  the  vertebral 
plates  combine  to  form  the  muscle-plates,  out  of  which  the  great 
dorso-lateral  muscles  are  formed,  in  Amphibians  what  appear 
to  be  the  equivalent  muscles  axe  derived  from  a  few  of  the  cells 
(the  kernel)  of  the  inner  layer  of  the  vertebral  plates  only. 
The  cells  which  form  the  lateral  muscles  in  Amphibians  might 
be  thought  to  correspond  in  position  with  the  cells  which  become, 
in  Elasmobranchs,  converted  into  the  special  early  formed  band 
of  muscles  (m.p\),  rather  than,  as  their  development  seems 
to  indicate^  with  the  whole  Elasmobranch  muscle-plates*. 

1  A  viow  by  which  the  early  formed  mnsoles  in  Elasmobranch  conld  be  regarded 
as  homologous  with  the  mnscle-kemel  of  the  Amphibian  embryo  is  very  tempt- 

10—2 
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Osseous  Fishes  are  stated  to  agree  with  Amphibians  in  the 
development  of  their  protovertebrsB  and  muscular  system  \  but 
further  observations  on  this  point  are  required. 

Though  the  development  of  the  general  muscular  system 
and  muscle-plates  does  not,  according  to  existing  statements, 
take  place  on  quite  the  same  type  throughout  the  Yertebrate 
sub-kingdom,  yet  the  comparison  which  has  been  instituted 
between  Elasmobranchs  and  other  Vertebrates  appears  to  prove 
that  there  are  one  or  two  common  features  in  their  development, 
which  may  be  regarded  as  primitive,  and  as  having  been  inherited 
from  the  ancestors  of  Vertebrates.  These  features  are  (I)  The 
extension  of  the  body-cavity  into  the  vertebral  plates,  and 
subsequent  enclosure  of  this  cavity  between  the  two  layers 
of  the  muscle-plates ;  (2)  The  primitive  division  of  the  vertebral 
plate  into  a  somatic  and  a  splanchnic  layer,  and  the  formation 
of  a  large  part  of  the  voluntary  muscular  system  out  of  the 
Bplanchnic  layer. 

The  ultimate  derivation  of  the  mesoblast  forms  one  of 
the  numerous  burning  questions  of  modern  embryology,  and 
there  are  advocates  to  be  found  for  almost  every  one  of  the 
possible  views  the  question  admits  of. 

All  who  accept  the  doctrine  of  descent  are  agreed  that 
primitively  only  two  embryonic  layers  were  present  —  the 
epiblaat  and  the  hypoblast — and  that  the  mesoblast  subse- 
quently appeared  as  a  distinct  layer,  after  a  certain  com- 
plexity of  organization  had  been  attained. 

The  general  agreement  stops,  however,  at  this  points  and 
the  greatest  divergence  of  opinion  exists  with  reference  to  all 
further  questions  which  bear  on  the  development  of  the  meso- 
blast. There  appear  to  be  four  possibilities  as  to  the  origin  of 
this  layer. 

It  may  be  derived : 

(1)   entirely  from  the  epiblast, 

ing  and  in  some  ways  plansible,  bnt  Dr  Gdtte's  acconnt  would  require  veiy 
ooneiderable  modification  before  snob  a  Tiew  could  be  seriouBly  entertained. 
Since,  however,  the  development  of  the  mnscnlar  system  in  ElasmobnuKdis  has 
not  been  dealt  with  in  detsdl,  a  discussion  of  its  homologies  must  be  deferred. 

1  Ehrlich,  Ueber  den  peripher.  Theil  d.  Urwirbel.  Arehiv  f.  Mie,  Anat 
VoL  n. 
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(2)  partly  from  the  epiblast,  and  partly  from  the  hypoblast, 

(3)  entirely  from  the  hypoblast, 

(4)  or  may  have  no  fixed  origin. 

The  fourth  of  these  possibilities  may  for  the  present  be 
dismissed,  since  it  can  be  only  maintained  should  it  turn  out 
that  all  the  other  views  are  erroneous.  The  first  possibility  is 
supported  by  the  case  of  the  Coelenterata^  and  we  might  almost 
say  by  that  of  this  group  only  \ 

Amongst  the  Ccelenterata  the  mesoblast,  when  present^  is 
unquestionably  a  derivative  of  the  epiblast,  and  when,  as  is  fre- 
quently the  case,  a  distinct  mesoblast  is  not  present,  the  muscle- 
cells  form  a  specialized  part  of  the  epidermic  cells. 

The  condition  of  the  mesoblast  in  these  lowly  organized 
animals  is  exactly  what  might  a  priori  have  been  anticipated, 
but  the  absence  throughout  the  group  of  a  true  body-cavity, 
or  specially  developed  muscular  system  of  the  alimentary  tract, 
prevents  the  possibility  of  generalizing  for  other  groups,  from 
the  condition  of  the  mesoblast  in  this  one. 

In  those  animals  in  which  a  body-cavity  and  muscular 
alimentary  tract  are  present,  it  would  certainly  appear  reasonable 
to  expect  the  mesoblast  to  be  derived  from  both  the  primitive 
layers :  the  voluntary  muscular  system  from  epiblast^  and  the 
splanchnic  system  from  the  hypoblast.  This  view  has  been 
taken  and  strongly  advocated  by  so  distinguished  an  embry- 
ologist  as  Professor  Haeckel,  and  it  must  be  admitted,  that  on 
A  priori  grounds  there  is  much  to  recommend  it;  there  are, 
however,  so  far  as  I  am  aware  of,  comparatively  few  observed 
facts  in  its  favour. 

Professor  Haeckel's  own  objective  arguments  in  support  of 
his  view  are  as  follows : 

(1)     From  the  fact  that  some  investigators  derive  the  meso- 

» 

1  The  most  important  other  instances  in  addition  to  that  of  the  Ckelenterata 
whieh  can  be  adduced  in  fa^oar  of  l^e  epiblastio  origin  of  the  meeoblast  are  the 
Bird  and  Mfunmal,  in  whidi  according  to  the  recent  obsenrations  of  Hensen  for 
the  Mammal,  and  EdUiker  for  the  Mammal  and  Bird,  the  mesoblast  is  split  off 
from  the  epiblast.  If  the  views  I  have  elsewhere  pnt  forward  about  the  meaning 
of  the  primitive  groove  be  accepted,  the  derivation  of  the  mesoblast  from  the 
epiblast  in  these  instances  woi^d  be  apparent  rather  than  real,  and  have  no 
deep  morphological  significance  for  the  present  question.  ^ 

Other  instances  may  be  brought  forward  from  various  groups,  but  none 
of  these  are  sufficiently  wcdl  confirmed  to  be  of  any  value  in  the  determina* 
tion  of  the  pieeent  question. 
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blast  with  absolute  confidence  from  the  hypoblast^  while  others 
do  80  with  equal  confidence  from  the  epiblast^  he  concludes  thai; 
it  is  really  derived  from  both  these  layers. 

(2)  A  second  argument  is  founded  on  the  supposed  deriva- 
tion of  the  mesoblast  in  Amphioxus  from  both  epiblast  and 
hypoblast.  Kowalevsky's  account  (on  which  apparently  Prof. 
Haeckel's'  statements  are  based)  appears  to  me,  however,  too 
vague,  and  his  observations  too  imperfect,  for  much  confidence 
to  be  placed  in  his  statements  on  this  head.  It  does  not  indeed 
appear  to  me  that  the  formation  of  the  layers  in  Amphioxus,  till 
better  knov/n,  can  be  used  as  an  argument  for  any  special  view 
about  this  question, 

(3)  Professor  Haeckel's  own  obsei'vations  on  the  develop- 
ment of  Osseous  fish  form  a  third  argument  in  support  of  his 
views.  These  observations  do  not,  however,  accord  with  those  of 
the  majority  of  investigators,  and  not  having  been  made  by 
means  of  sections,  require  further  confirmation  before  they  can 
be  definitely  accepted. 

(4)  A  fourth  argument  rests  on  the  fact  that  the  various 
embryonic  layers  fuse  together  to  form  the  primitive  streak  or 
axis-cord  in  higher  vertebrates.  This  he  thinks  proves  that  the 
mesoblast  is  derived  from  both  the  primitive  layers.  The  primi- 
tive streak  has,  however,  according  to  my  views,  quite  another 
significance  to  that  attributed  to  it  by  Professor  Haeckel*;  but 
in  any  case  Professor  KoUiker's  researches,  and  on  this  point  my 
own  observations  accord  with  his,  appear  to  me  to  prove  that  the 
fusion  which  there  takes  place  is  only  capable  of  being  used  as 
an  argument  in  favour  of  an  epiblastic  origin  of  the  mesoblast, 
and  not  of  its  derivation  from  both  epiblast  and  hypoblast 

The  objective  arguments  in  favour  of  Professor  Haeckel's 
views  are  not  very  conclusive,  and  he  himself  does  not  deny 
that  the  mesoblast  as  a  rule  apparently  arises  as  a  single  and 
undivided  mass  from  one  of  the  two  primary  layers,  and  only 
subsequently  becomes  split  into  somatic  and  splanchnic  strata. 
This  original  fusion  and  subsequent  splitting  of  the  mesoblast 

1  Vide  Anthropogenie,  p.  197. 

*  Vide  Self,  Development  of  EUwmobranch  Fishes,  Journal  of  AnaU  and 
Phyt.  Vol.  X.  note  on  p.  682,  and  alao  Beriew  of  Professor  KoUiker*8  Bntwiek- 
lungsgeichiehte  dei  MenMhen  n.  d.  hdherm  Thiece,  Journal  of  Anat  and  Phyn. 
Vol.  X. 
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IS  explained  by  him  as  a  secondary  condition,  a  poBsibility  which 
cannot  by  any  means  be  thrown  on  one  side.  It  seems  therefore 
worth  while  examining  how  far  the  history  of  the  somatic  and 
splanchnic  layers  of  the  mesoblast  in  Elasmobranchs  and  other 
Tertebrates  aocords  with  the  supposition  that  they  were  primi- 
tively split  off  from  the  epiblast  and  the  hypoblast  respectively. 
It  is  well  to  consider  first  of  all  what  parts  of  the  mesoblast 
of  the  body  might  be  expected  to  be  derived  from  the  somatic 
and  splanchnic  layers  on  this  view  of  their  origin^ 

From  the  somatic  layer  of  the  mesoblast  there  would  no 
doubt  be  formed  the  whole  of  the  voluntary  muscular  system  of 
the  body,  the  dermis,  the  subcutaneous  connective  tissue,  and 
the  connective  tissue  between  the  muscles.  It  is  probable  also, 
though  this  point  is  less  certain,  that  the  skeleton  would  be 
derived  from  the  somatic  layer.  From  the  splanchnic  layer 
would  be  formed  the  connective  tissue  and  muscular  layers  of 
the  alimentary  tract,  and  possibly  also  the  vascular  system. 

Turning  to  the  actual  development  of  these  parts,  the 
discrepancy  between  theory  and  fact  becomes  very  remark- 
able. From  the  somatic  layer  of  the  mesoblast,  part  of 
the  voluntary  muscular  system  and  the  dermis  is  no  doubt 
derived,  but  the  splanchnic  layer  supplies  the  material, 
not  only  for  the  muscular  wall  of  the  digestive  canal  and  the 
vascular  system,  but  also  for  the  whole  of  the  axial  skeleton 
and  a  great  part  of  the  vohmtary  musctdar  system  of  the  body, 
incivding  the  first-formed  muscles.  Though  remarkable,  it  is 
nevertheless  not  inconceivable,  that  the  skeleton  might  be 
d^ved  from  the  splanchnic  mesoblast,  but  it  is  very  difBcult  to 
understand  how  there  could  be  formed  from  it  a  part  of  the 
voluntary  muscular  system  of  the  body  indistinguishably  fused 
with  part  of  the  muscular  system  derived  from  the  somatopleure. 

1  Professor  Haeckel  speaks  of  tlie  spHtting  of  the  mesoblast  in  Vertebrates 
into  a  Bomatio  and  splanolmie  layer  as  a  seoondary  process  {QaBtnda  v.  Eifur- 
chung  d.  Thiere)^  bat  does  not  make  it  clear  whether  he  regards  this  secondary 
splitting  as  taking  place  along  the  old  lines.  It  appears  to  me  to  be  fairly 
certain  that  even  if  the  origmal  nnsplit  condition  of  the  mesoblast  is  to  be 
regarded  as  a  secondary  condition,  yet  that  the  splitting  of  this  must  take  place 
along  ihe  old  lines,  otherwise  a  change  in  the  position  of  the  body-cavity  in  the 
adnlt  would  have  to  be  snpposed^an  nnlik^y  change  prodncing  mmecessary 
complication.  The  succeeding  argument  is  based  on  the  assumption  that  the 
unsplit  condition  is  a  secondly  condition,  but  that  the  split  which  eyentnally 
appears  in  this  occurs  along  the  old  lines,  separating  the  primitive  splanohno- 
pleure  from  the  primitive  somatopletixe. 
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No  fact  in  my  investigations  comes  out  more  clearly  than  that 
a  great  part  of  the  voluntary  muscular  system  is  formed  from 
the  splanchnic  layer  of  the  mesoblast,  yet  this  fact  presents 
a  most  serious  difficulty  to  the  view  that  the  somatic  and 
splanchnic  layers  of  the  mesoblast  in  Vertebrates  are  respectively 
derived  from  the  epiblast  and  hypoblast. 

In  spite,  therefore,  of  general  d  priori  considerations  of 
a  very  convincing  kind  which  tell  in  favour  of  the  double 
origin  of  the  mesoblast,  this  view  is  supported  by  so  few 
objective  facts,  and  there  exists  so  powerful  an  array  of  facts 
against  it,  that  at  present,  at  least,  it  seems  impossible  to  main- 
tain it.  The  full  strength  of  the  facts  against  it  will  appear 
more  fully  in  a  review  of  the  present  state  of  our  knowledge  as 
to  the  development  of  the  mesoblast  in  the  different  groups. 

To  this  I  now  pass. 

In  a  paper  on  the  "  Early  stages  of  development  in  Verte- 
brates^" a  short  resumd  was  given  of  the  development  of  the 
mesoblast  throughout  the  animal  kingdom,  which  it  may  be 
worth  while  repeating  here  with  a  few  additions.  So  far  as  we 
know  at  present,  the  mesoblast  is  derived  from  the  hypobl&st 
in  the  following  groups: 

Echinoderms(Hensen,  Agassiz,  Metschnikoff,  Selenka,  Gotte), 
Nematodes  (Butschli),  Sagitta  (Kowalevsky,  Butschli),  Lum- 
bricus  and  probably  other  Annelids  (Kowalevsky),  Brachiopoda 
(Kowalevsky),  Crustaceans  (Bobretzky),  Insects  (Kowalevsky, 
Ulianm,  Dohrn),  Myriapods  (Metschnikoff),  Tunicates  (Kowa- 
levsky, Kuppfer),  Petromyzon  (Owsjanikoii),  Osseous  fishes 
(Oellacher,  Gdtte,  Kowalevsky),  Elasmobranchs  (Self),  Amphi- 
bians (Remak,  Strieker,  Gotte). 

The  list  includes  members  from  the  greater  number  of  the 
groups  of  the  animal  kingdom ;  the  most  striking  omis- 
sions being  the  Coelenterates,  Mollusks,  and  the  Amniotic  Ver- 
tebrates. The  absence  of  the  Coelenterates  has  been  already 
explained,and  my  grounds  for  regarding  the  Amniotic  Vertebrates 
as  apparent  lather  than  real  exceptions  have  also  been  pointed 
out.  The  Mollusks,  however,  remain  as  a  large  group,  in  which 
we  as  yet  know  very  little  as  to  the  formation  of  the  mesoblast. 

J  Qtuirt.  Jl.  of  Mierot.  Seieneef  July,  1875. 


f 


DEVELOPMENT  OF  ELA8M0BRANCH   FISHES.  153 

Dr  Babl  \  who  seems  recently  to  have  stadied  the  develop* 
meat  of  Lvmnaeua  by  means  of  sections,  gives  some  figures 
fthewiiig  the  origin  of  the  mesoblast ;  they  are,  however,  too 
diagrammatic  to  be  of  much  service  in  settling  the  present 
qiiestion,  and  the  memoirs  of  Professor  Lankester*  and  Dr 
Fol'  are  equally  inconclusive  for  this  purpose,  for,  though  they 
contain  figures  of  elongated  and  branched  mesoblast  cells 
passing  iioni  the  epiblast  to  the  hypoblast,  no  satisfactory 
representations  are  given  of  the  origin  of  these  cells.  I  have 
myself  observed  in  embryos  of  Turbo  or  Trochus  similcur 
elongated  cells  to  those  figured  by  Lankester  and  Fol,  but  was 
unable  clearly  to  determine  whence  they  arose.  The  most  accu- 
rate observations  which  we  have  on  this  question  are  those  of 
Professor  Bobretzky  \  In  Nassa  he  finds  that  the  three  embry- 
onic layers  are  all  established  during  segmentation.  The  outer- 
most and  smallest  cells  form  the  epiblast,  somewhat  larger  cells 
adjoining  these  the  mesoblast^  and  the  large  yolk-cells  the  hypo- 
blast These  observations  do  not,  however,  demonstrate  from 
which  of  the  primary  layers  the  mesoblast  is  derived. 

The  evidence  at  present  existing  is  clearly  in  favour  of  the 
mesoblast  being,  in  almost  all  groups  of  animals,  developed  from 
the  hypoblast,  but  strong  as  this  evidence  is,  it  has  not  its  full 
weight  unless  the  actual  manner  in  which  the  mesoblast  is  in 
many  groups  derived  from  the  hypoblast,  is  taken  into  consider- 
ation. The  most  important  of  these  are  the  Echinoderms, 
Brachiopods  and  Sagitta. 

In  the  Echinoderms  the  mesoblast  is  in  part  formed  by  cells 
budded  off  from  the  hypoblast,  tfie  remainder,  however,  arises  as 
one  or  more  diverticula  of  ike  alimentary  tract.  From  the  separate 
cells  first  budded  off  there  are  formed  the  cutis,  part  of  the 
connective  tissue  and  the  calcareous  skeleton.  The  diverticula 
from  the  alimentary  cavity  form  the  water- vascular  system  and 
the  somatic  and  splanchnic  layers  of  mesoblast.  The  cavity  of 
the  diverticula  after  the  sepaiution  of  ihe  water-vascular  system, 
forms  the  body-cavity.  The  cuter  lining  layer  of  the  cavity  forms 
the  somatic  layer  of  mesoblast  and  ike  volimtary  muscles;  ike 

*  Jenaiiehe  ZeiUekrift,  Vol.  ix. 

>  Quart.  JU  of  Microi.  Science^  Vol.  xzt.  1874,  and  Phil.  Trans.  1875. 

*  Archives  de  Zoologie^  Vol.  iv. 

^  Archivf,  Mier.  Anat.  Vol.  xiii. 
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inner  lining  layer  the  splanchnic  mesoblast  which  unfiles  with  the 
epithelium  of  the  alimentary  tract.  Though  this  fundamental 
arrangement  would  seem  to  be  universal  amongst  Echinoderms, 
considerable  variations  of  it  are  exhibited  in  different  groups. 

There  is  one  ontgrowth  from  the  alimentary  tract  in  Sj^ 
napta;  ttvo  in  Echinoids,  Asteroids  and  Ophiura;  three  in 
Comatula,  and  four  (?)  in  Amphiura.  The  cavity  of  the  out-* 
growth  usually  forms  the  body-cavity,  but  sometimes  in  Ophiura 
and  Amphiura  (Metschnikoff)  the  outgrowths  are  from  the  first 
or  soon  become  solid^  and  only  secondarily  acquire  a  cavity, 
which  is  however  homologous  with  the  body-cavity  of  the  other 
groups. 

In  Sagitta^  the  formation  of  the  mesoblast  and  the  ali- 
mentary tract  takes  place  in  nearly  the  same  fashion  as  in  the 
Echinoderms.  The  simple  invaginate  alimentary  cavity  becomes 
divided  into  three  lobes,  a  central  and  two  lateral.  The  two 
lateral  lobes  are  gradually  more  and  more  constricted  off  from 
the  central  one>  and  become  eventually  quite  separated  from  it; 
their  cavities  remain  independent,  and  form  in  the  adtdt  the 
'  body-cavityy  divided  by  a  mesentery  into  two  distinct  lateral 
sections.  The  inner  layer  of  each  of  the  two  lateral  lobes  forms 
the  mesoblast  of  the  spUmchnopleure,  the  outer  layer  the  meso- 
bUist  of  the  somatopleure.  The  central  division  of  the  primitive 
gastrsea  cavity  remains  as  the  alimentary  tract  of  the  adult. 

The  remarkable  observations  of  Kowalevsky*  on  the  devel- 
opment of  the  Brachiopoda  have  brought  to  light  the  unex- 
pected fact  that  in  two  genera  at  least  (Argiope  and  Tere- 
bratula)  the  mesoblast  and  body-cavity  develope  as  paired 
constrictions  from  the  alimentary  tract  in  a  manner  almost 
identically  the  same  as  in  Sagitta. 

It  thus  appears  that,  so  far  as  can  be  determined  &om  the 
facts  at  our  disposal,  the  mesoblast  in  almost  all  cases  is  derived 
from  the  hypoblast^  and  in  three  widely  separated  groups  it 
arises  as  a  pair  of  diverticula  from  the  alimentary  tract,  each 
diverticulum  containing  a  cavity  which  eventually  becomes  the 

^  Eowalevsky,  Wttrmer  n.  Arthropoden,  Mem,  AccUL  PeUrthourg,  1871. 

*  Zur  Entwicklungsgeschichte  d.  Brachiopoden  Protokoll  d.  Ersten  Sesinon  der 
Yenammlang  Bussischer  Kattirforsoher  i.  Kasan,  1878.  PaUished  in  Kauer- 
liche  OeseUschaft  Motkau^  1874  (BasBian).  Abetraoted  in  Hoffnuum  and 
Sohwalbe,  Jahretbericht  f,  1873. 
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body-cavity.  I  have  elsewhere  suggested^  that  the  origin  of 
the  mefloblast  from  alimentary  diverticula  is  to  be  r^arded  as 
primitive  for  all  higher  animals,  and  that  the  more  general  cases 
in  which  the  mesoblast  becomes  split  off»  as  an  undivided  lAyer, 
from  the  hypoblast,  are  in  reality  derivates  fit>m  this.  The 
chief  obstacle  in  the  way  of  this  view  arises  from  the  difiBcalty 
of  understanding  how  the  whole  voluntary  muscular  system  can 
have  been  derived  at  first  from  the  alimentary  tract.  That  part 
of  a  voluntary  system  of  muscles  might  be  derived  from  the  con- 
tractile diverticula  of  the  alimentary  canal  attached  to  the  body- 
wall  is  not  difficult  to  understand^  but  it  is  not  easy  to  believe 
that  the  secondary  system  so  formed  could  completely  replace 
the  primitive  muscular  sjrstem,  derived,  as  it  must  have  been, 
from  the  epiblast.  In  my  paper  above  quoted  will  be  found 
various  speculative  suggestions  for  removing  this  difficulty, 
which  I  do  not  repeat  here.  If  it  be  granted,  however,  that 
in  Sagitta,  Brachiopods,  and  Echinoderms  we  have  genuine 
examples  of  the  formation  of  the  whole  mesoblast  from  ali- 
mentary diverticula,  it  is  easy  to  see  how  the  formation  of  the 
mesoblast  in  Vertebrates  may  be  a  second  derivate  from  an 
origin  of  this  nature. 

An  attempt  has  been  already  made  to  shew  that  the  meso- 
blast in  Elasmobranchs  is  formed  in  a  veiy  primitive  fashion, 
and  for  this  reason  the  Elasmobranchs  appear  to  be  especially 
adapted  for  determining  whether  any  signs  are  exhibited  of  a 
derivation  of  the  mesoblast  as  paired  diverticula  of  the  ali- 
mentary tract  There  are,  it  appears  to  me,  several  such 
features.  In  the  first  place,  the  mesoblast  is  split  off  from  the 
hypoblast  not  as  a  single  mass  but  as  a  pair  of  distinct  masses, 
comparable  with  the  paired  diverticula  already  alluded  to. 
Secondly,  the  body-cavity  when  it  appears  in  the  mesoblast 
plates,  does  not  arise  as  a  single  cavity y  hut  as  a  pair  of  cavities, 
one  for  each  plate  of  mesoblast^  and  these  cavities  remain 
permanently  distinct  in  some  parts  of  the  body,  and  nowhere 
unite  till  a  comparatively  late  period.  Thirdly,  the  primitive 
body-cavity  of  the  embryo  is  not  confined  to  the  region  in 
which  a  body-cavity  exists  in  the  adult,  but  extends  to  the 

1  Comparison  of  Early  Stages,  Quart,  JU  Micros,  Science,  July,  1875. 
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fummit  of  the  muscle-plates,  at  first  separating  parts  which 
become  completelj  fused  in  the  adult  to  form  the  great  lateral 
muscles  of  the  body.  It  is  difficult  to  understand  how  the  body- 
cavity  could  have  such  an  extension  as  this,  on  the  supposition 
that  it  represents  a  primitive  split  in  the  mesoblast  between 
the  wall  of  the  gut  and  the  body-wall ;  but  its  extension  to  this 
part  is  quite  intelligible,  on  the  supposition  that  it  represents 
the  cavities  of  two  diverticula  of  the  alimentary  tract,  from 
whose  muscular  walls  the  voluntary  muscular  system  has  been 
derived.  Lastly,  I  would  point  out  that  the  derivation  of  part 
of  the  muscular  system  from  what  appears  as  the  splanchno- 
pleure  is  quite  intelligible  on  the  assumed  hypothesis,  but,  as 
far  as  I  see,  on  no  other. 

Such  are  the  main  features  presented  by  the  mesoblast  in 
Elasmobranchs,  which  favour  the  view  of  its  having  originally 
formed  the  walls  of  the  alimentary  diverticula.  Against  this 
view  of  its  nature  are  the  facts  (1)  of  the  mesoblast  plates 
being  at  first  solid,  and  (2),  as  a  consequence  of  this,  of  the  body- 
cavity  never  communicating  with  the  alimentary  canal.  These 
points,  in  view  of  our  knowledge  of  embryological  modifica- 
tions, cannot  be  regarded  as  great  difficulties  to  my  view.  We 
have  many  examples  of  organs,  which,  though  in  most  cases 
arising  as  involutions,  yet  appear  in  other  cases  as  solid  in- 
growths. Such  examples  are  afforded  by  the  optic  vesicle,  audi- 
tory vesicle,  and  probably  also  by  the  central  nervous  system,  of 
Osseous  Fish.  In  most  Vertebrates  these  organs  are  formed  as 
hollow  involutions  from  the  exterior ;  in  Osseous  Fish,  however, 
as  solid  involutions,  in  which  a  cavity  secondarily  appears. 

The  segmental  duct  of  Elasmobranchs  or  the  Wolffian  duct 
(segmental  duct)  of  Birds  are  cases  of  a  similar  kind,  being 
organs  which  must  originally  have  been  formed  as  hollow 
involutions,  but  which  now  arise  as  solid  bodies. 

Only  one  more  instance  of  this  kind  need  be  cited,  taken 
from  the  Echinoderms. 

The  body-cavity  and  the  mesoblast  investing  it  arise  in 
the  case  of  most  Echinoderms  as  hollow  involutions  of  the 
alimentary  tract,  but  in  some  exceptional  groups,  Ophiura 
and  Amphiura,  are  stated  to  be  solid  at  first  and  only  sub- 
sequently to  become  hollow.    Should  the  accuracy  of  Metsch- 
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nikofiTs  aocount  of  this  point  be  confirmed,  an  almost  exact 
parallel  to  what  has  been  supposed  bj  me  to  have  occarred 
with  the  mesoblast  in  Elasmobranchs,  and  other  groups,  will  be 
supplied. 

The  tendency  of  our  present  knowledge  appears  to  be  in 
fevour  of  regarding  the  body-cavity  in  Vertebrates  as  having 
been  primitively  the  cavity  of  alimentary  diverticula,  and  the 
mesoblast  as  having  formed  the  walls  of  the  diverticula. 

This  view,  to  say  the  least  of  it,  suits  the  facts  which  we 
know  fax  better  than  any  other  theory  which  has  been  pro- 
posed, and  though  no  doubt  the  d  priori  difficulties  in  its  way 
are  veiy  great,  yet  it  appears  to  me  to  be  sufficiently  strongly 
supported  to  deserve  the  attention  of  investigators.  In  the 
meantime,  however,  our  knowledge  of  invertebrate  embryology 
is  SO  new  and  imperfect  that  no  certainty  on  a  question'  like 
that  which  has  just  been  discussed  can  be  obtained ;  and  any 
generalizations  made  at  present  are  not  unlikely  to  be  upset  by 
the  discoveiy  of  fresh  facts. 

The  only  other  point  in  connection  with  the  mesoblast 
which  I  would  call  attention  to  is  the  formation  of  the  ver- 
tebral bodies. 

My  observations  confirm  those  of  Remak  and  Gegenbaur, 
shewing  that  there  is  a  primary  segmentation  of  the  vertebral 
bodies  corresponding  to  that  of  the  muscle-plates,  followed 
by  a  secondary  segmentation  in  which  the  central  lines  of 
vertebral  bodies  are  opposite  the  partitions  between  the  muscle- 
plates.  • 

The  explanation  of  these  changes  is  not  difficult  to  find. 
The  primary  segmentation  of  the  body  is  that  of  the  muscle- 
plates,  which  must  have  been  present  at  a  time  when  the 
vertebral  bodies  had  no  existence.  As  soon  however  as  the 
notochordal  sheath  was  required  to  be  strong  as  well  as  flexible, 
it  necessarily  became  divided  into  a  series  of  segments. 

The  conditions  under  which  the  lateral  muscles  can  cause 
the  flexure  of  the  vertebral  column  are  clearly  that  each 
muscle-segment  shall  be  capable  of  acting  on  two  vertebrae; 
and  this  condition  can  only  be  fulfilled  when  the  muscle- 
segments  are  opposite  the  intervals  between  the  vertebrae. 
Owing  to  this  necessity,  when  the  vertebral  segments  became 
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formedy  their  centres  correspondedi  not  with  the  centres  of 
the  muscle-plates,  but  with  the  inter-muscular  septa. 

These  considerations  full;  explain  the  secondary  segmen- 
tation of  the  vertebrae  by  which  they  become  opposite  the 
inter-muscular  septa.  On  the  other  hand,  the  primary  seg- 
mentation is  clearly  a  remnant  of  the  time  when  no  ver- 
tebral bodies  wero  present,  and  has  no  greater  morphological 
significance  than  the  fact  that  the  cells  to  form  the  unseg- 
mented  investment  of  the  notochord  were  derived  from  the 
segmented  muscle-plates,  and  only  secondarily  became  fused 
into  a  continuous  tube. 

The  Urino-genital  System, 

The  first  traces  of  the  urinary  system  become  visible  at 
about  the  time  of  the  appearance  of  the  third  viscei'al  cleft.  At 
about  this  period  the  somatopleure  and  splanchnopleure  become 
more  or  less  fused  together  at  the  level  of  the  dorsal  aorta,  and 
thus,  as  has  been  already  mentioned,  each  of  the  original  plates 
of  mesoblast  becomes  divided  into  a  vertebral  plate  and  lateral 
plate  (PL  V.  fig.  6).  The  mass  of  cells  resulting  from  this  fusion 
corresponds  with  Waldeyer*s  intermediate  cell-mass  in  the  Fowl. 

At  about  the  level  of  fifth  protovertebra  the  first  trace  of 
the  urinary  system  appears. 

From  the  intermediate  cell-mass  a  solid  knob  grows  out- 
wards towards  the  epiblast  (woodcut,  pd).  This  knob  consists  at 
first  of  20 — 30  cells,  which  agree  in  character  with  the  neigh- 
bouring cells  of  the  intermediate  cell-mass,  and  are  at  this 
period  rounded.  It  is  mainly,  if  not  entirely,  derived  from  the 
somatic  layer  of  the  mesoblast* 

From  this  knob  there  grows  backwards  a  solid  rod  of  cells 
which  keeps  in  very  close  contact  with  the  epiblast,  and 
rapidly  diminishes  in  size  towards  its  posterior  extremity.  Its 
hindermost  part  consists  in  section  of  at  most  one  or  two  cells. 
It  keeps  so  close  to  the  epiblast  that  it  might  be  supposed  to 
be  derived  from  that  layer  were  it  not  for  the  sections  shewing 
its  origin  from  the  knob  above  mentioned.  We  have  in  this 
rod  the  commencement  of  what  J  have  elsewhere^  called  the 
segmental  duct. 

^  UrinogMiital  OzgaoiB  of  Yertebvatefl,  Joum.  of  AntU,  and  Phya.    Vol.  x. 
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Two  tmcnema  or  i  PsiBimua  Emsbxo  vitb  thbbc  ntcsui.  clbttb. 


The  leetioiiB  are  to  fbew  the  derelopment  of  the  segmental  dnct  ((pd)  or  pntni- 
tire  doot  of  the  kidiuja.  In  A  (the  anterior  of  the  two  seetioai)  tbi* 
oppeUB  as  as  A  iolid  knob  projeotiog  towordi  the  epiblatt.  In  B  its  wen 
a  aecUon  of  the  oolomii  which  has  grown  backwards  from  the  knob  in  A. 

jpH.  mdiment  of  a  spinal  ntrre ;  mc.  mednllaiy  oanal;  eh.  notoobord; 
X.  atring  of  cells  below  the  notoehord ;  mp.  mnscle-plate ;  mp',  specially 
dereloped  portion  of  miuole-plate ;  no.  dor«al  awia ;  pd.  segmental 
dnot.  to.  sraaatopleora ;  jp.  aplauobDopleara ;  ».  pleiin9erlUineal  or 
bodj-eaviiy ;        ep.  epiblaat ;        al.  alimentary  oamJ. 

My  obserratioDS  show  that  tbe  segmental  duct  is  developed 
in  ihe  way  just  described  in  both  Fristiums  and  Torpedo.  Its 
origin  in  Pristiurus  ia  shewn  in  the  adjoining  woodcut,  and  in 
Torpedo  in  Plate  v.  fig.  7«d. 

At  a  Btage  somewhat  older  than  I,  tbe  condition  of  tho 
segmental  duct  has  not  very  mat«rially  altered.  It  has  in- 
creased considerably  in  length,  and  the  knob  at  its  front  end 
is  both  aheohitely  smaller,  and  also  consists  of  fewer  cells  than 
before  (PI.  V.  fig.  7  »rf).  These  cells  have  become  more  columnar, 
and  have  begun  to  arrange  themselves  radially;  thus  indicating 
the  early  appearance  of  the  lumen  of  the  duct.  The  cells 
forming  the  front  part  of  the  rod,  as  well  as  those  of  the  knob, 
cqpameoce  to  exhibit  a  columnar  character,  hut  in  the  hinder 
part  of  the  rod  the  cells  are  still  rounded.  In  no  part  of  it 
has  a  lumen  appeared. 

At  this  period  also  the  knob,  partly  owing  to  the  com- 
mencing separation  of  the  muscle-plate  from  the  remainder  of 
the  mesoblast,  b^ins  to  pass  inwards  and  approach  the  pleuro- 
peritoneal  cavity. 

At  the  same  stage  the  first  not  very  distinct  traces  of  the 
remainder  of  the  urinary  system  become  developed.    These 
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appear  in  the  form  of  solid  outgrowths  from  the  intermediate 
cell-mass  just  at  the  most  dorsal  part  of  the  body-cavity. 

The  outgrowths  correspond  in  numbers  with  the  vertebral 
segments,  and  are  at  first  quite  disconnected  with  the  seg- 
mental duct.  At  this  stage  they  are  only  distinctly  visible 
in  the  first  few  segments  behind  the  fi^ont  end  of  the  segmental 
duct.  A  full  description  of  them  will  come  more  conveniently 
in  the  next  stage. 

By  a  stage  somewhat  earlier  than  K  important  changes 
have  taken  place  in  the  urinary  system. 

The  segmental  duct  has  acquired  a  lumen  in  its  anterior 
portion^  which  opens  at  its  front  end  into  the  body-cavity. 
(PI.  VL  fig.  9  8d)»  The  lumen  is  formed  by  the  columnar  cells 
spoken  of  in  the  last  stage,  acquiring  a  radiating  arrangement 
round  a  central  point,  at  which  a  small  hole  appears.  After  the 
lumen  has  once  become  formed,  it  rapidly  increases  in  size. 

The  duct  has  also  grown  considerably  in  length,  but  its 
hind  extremity  is  still  as  thin,  and  lies  as  close  to  the  epiblast, 
as  at  first.  The  segmental  involutions  which  commenced  to 
be  formed  in  the  last  stage,  have  now  appeared  for  eveiy 
vertebral  segment  along  the  whole  length  of  the  segmental 
duct,  and  even  for  two  or  three  segments  behind  this. 

They  are  simple  independent  outgrowths  arising  from  the 
outer  and  uppermost  angle  of  the  body -cavity,  and  are  at  first 
almost  without  a  trace  of  a  lumen,  though  their  cells  are  arranged 
as  two  layers.  They  grow  in  such  a  way  as  to  encircle  the 
oviduct  on  its  inner  and  upper  side  (PL  v.  fig.  8  and  PI.  vi.  fig. 
14  6. 8t).  When  the  hindermost  ones  are  formed,,  a  slight  trace 
of  a  lumen  is  perhaps  visible  in  the  front  ones.  At  a  stage 
slightly  subsequent  to  this,  in  Scyllium  Canicula,  I  noticed  29 
of  them ;  the  first  of  them  arising  in  the  segment  immediate^ 
behind  the  front  end  of  the  oviduct  (PL  VI.  fig.  17  st),  and  two 
of  them  being  formed  in  segments  just  posterior  to  the  hinder 
extremity  of  the  oviduct 

PL  VI.  fig.  16  and  18  represent  two  longitudinal  sections 
showing  the  segmental  nature  of  the  involutions  and  their 
relation  to  the  segmental  duct. 

Many  of  the  points  which  have  been  mentioned  can  be 
seen  by  referring  to  PL  v.  and  vi.     Anteriorly  the  segmental 
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duct  opens  into  the  pleuro-peritoneal  cavity.  In  the  sections 
behind  this  there  may  be  seen  the  segmental  duct  with  a  distinct 
lumen^  and  also  a  pair  of  segmental  involutions  (PL  VI.  fig.  14  a). 
In  the  still  posterior  sections  the  segmental  duct  would  be  quite 
without  a  lumen,  and  would  closely  adjoin  the  epiblast. 

It  seems  not  out  of  place  to  point  out  that  the  modes  of 
the  development  of  the  segmental  duct  and  of  the  segmental 
involutions  are  strikingly  similar.  Both  arise  as  solid  iijivolu- 
tions^  from  homologous  parts  of  the  mesoblast.  The  seg- 
mental duct  arises  in  the  vertebral  segment  immediately  in 
front  of  that  in  which  the  first  segmental  involution  appears ; 
so  that  the  segmental  duct  appears  to  he  equivalent  to  a  single 
seffmental  involution. 

The  next  stage  corresponds  with  the  first  appearance  of  the 
external  gills.  The  segmental  duct  now  communicates  by  a 
wide  opening  with  the  pleuro-peritoneal  cavity  (PL  VI.  fig.  9  sd). 
It  possesses  a  lumen  along  its  whole  length  up  to  the  extreme 
hind  end  (PI.  vi.  fig.  9  a).  It  is,  however,  at  this  hinder  extremity 
that  the  most  important  change  has  taken  place.  This  end  has 
grown  downwards  towards  that  part  of  the  alimentary  canal 
which  still  lies  behind  the  anus.  This  downgrowth  is  begin- 
ning to  show  distinct  traces  of  a  lumen,  and  will  appear  in  the 
next  stage  as  one  of  the  horns  by  which  the  segmental  ducts 
communicate  with  the  cloaca  (PI.  VI.  fig.  9  b).  All  the  anterior 
segmental  involutions  have  now  acquired  a  lumen.  But  this 
is  still  absent  in  the  posterior  ones  (PL  vi.  fig.  9  a). 

Owing  to  the  disappearance  of  the  body-cavity  in  the 
region  behind  the  anus,  the  primitive  involutions  there  remain 
as  simple  masses  of  cells  still  disconnected  with  the  segmental 
duct  (PL  VI.  fig.  9  6,  9  c  and  9  d). 

Primitive  Ova.  The  true  generative  products  make  their 
first  appearance  as  the  primitive  ova  between  stages  I  and  K. 

In  the  sections  of  one  of  my  embryos  of  this  stage  they  are 
especially  well  shown,  and  the  following  description  is  taken 
from  those  displayed  in  that  embryo. 

They  are  confined  to  the  region  which  extends  posteriorly 
nearly  to  the  end  of  the  small  intestine  and  anteriorly  to  the 
abdominal  opening  of  the  segmental  duct. 

Their  situation  in  this  region  is  peculiar.    There  is  no  trace 
of  a  distinct  genital  ridge,  but  the  ova  mainly  lie  in  the  dorsal 
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portion  of  the  mesentery,  and  therefore  in  a  part  of  the  mesoblast 
which  distinctly  belongs  to  the  splanchnopleure  (PI.  VI.  fig.  14«). 
Some  are  situated  external  to  the  segmental  involutions ;  and 
others  again,  though  this  is  not  common,  in  a  part  of  the  meso* 
blast  which  distinctly  belongs  to  the  body-wall  (PI.  VI.  fig.  14?  6). 

The  portion  of  mesentery  in  which  the  primitive  ova  are 
most  densely  aggregated,  corresponds  to  the  future  position  of 
the  genital  ridge,  but  the  other  positions  occupied  by  ova 
are  quite  outside  this.  Some  ova  are  in  fact  situated  on  the 
outside  of  the  segmental  duct  and  segmented  tubes,  and  must 
therefore  effect  a  considerable  migration  before  reaching  their 
final  positions  in  the  genital  ridge  on  the  inner  side  of  the 
segmental  duct  (PL  VI.  fig.  14  b). 

The  condition  of  the  tissue  in  which  the  ova  appear  may  at 
once  be  gathered  from  an  examination  of  the  figures  given. 
It  consists  of  an  irregular  epithelium  of  cells  partly  belonging 
to  the  somatopleure  and  partly  to  the  splanchnopleure,  but 
passing  uninterruptedly  from  one  layer  to  the  other.  The 
cells  which  compose  it  are  irregular  in  shape,  but  frequently 
columnar  (PL  vi.  fig.  14  a  and  146). 

They  are  formed  of  a  nucleus  which  stains  deeply,  invested 
by  a  very  delicate  layer  of  protoplasm.  At  the  junction  of  somato- 
pleure and  splanchnopleure  they  are  more  rounded  than  else- 
where. Very  few  loose  connective-tissue  cells  are  present.  The 
cells  just  described  vary  from  '008  Mm.  to  *01  Mm.  in  diameter. 

The  primitive  ova  are  situated  amongst  them  and  stand  out 
with  extraordinary  clearness,  to  which  justice  is  hardly  done  in 
my  figures. 

The  normal  full-sized  ova  exhibit  the  following  structure. 
They  consist  of  a  mass  of  somewhat  granular  protoplasm  of 
irregular,  but  more  or  less  rounded,  form.  Their  size  varies 
from  '016 — 036  Mm.  In  their  interior  a  nucleus  is  present, 
which  varies  from  '012 — '016  Mm.,  but  its  size  as  a  rule  bears  no 
relation  to  the  size  of  the  containing  celL 

This  is  illustrated  by  the  subjoined  list  of  measurements. 

The  numbers  given  refer  to  degrees  on  my  micrometer  scale. 

Since  it  is  the  ratio  alone  which  it  is  necessary  to  call 
attention  to,  the  numbers  are  not  reduced  to  decimals  of  a 
millimeter.  Each  degree  of  my  scale  is  equal,  however,  with 
the  object  glass  employed,  to  '002  Mm. 
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Size  of  PzimitiTe  ova    in  Size  of  nndetu  of  FrimitiTe 

degrees  of  miorometer  soale  ova  in  degrees  of  micrometer 

with  F.  ocnl  2.  scale  with  F.  oeol  2. 

10 8 

13 8 

13 8 

14 7 

15 7 

13 7i 

11 8 

16 oi 

12 7 

10 7 

15 6 

13 6 

12 7 

This  series  brings  out  the  result  I  have  just  mentioned  with 
great  clearness. 

In  one  case  we  find  a  cell  has  three  times  the  diameter  of 
the  nucleus  16  :  6^;  in  another  case  10  :  8,  the  nucleus  has 
only  a  slightly  smaller  diameter  than  the  cell*  The  irration- 
ality of  the  ratio  is  fairly  shewn  in  some  of  my  figures,  though 
none  of  the  largest  cells  with  very  small  nuclei  have  been 
represented. 

The  nuclei  are  granular,  and  stain  fairly  well  with  hema- 
toxylin. They  usually  contain  a  single  deeply  stained  nucl&« 
oliis,  but  in  many  cases,  especially  where  large  (and  this 
independently  of  the  size  of  the  cell),  they  contain  two  nucleoli 
(PL  VI.  fig.  14  c  and  14  c2),  and  are  at  times  so  lobed  aa  to  give 
an  apparent  indication  of  commencing  division. 

A  multi-nucleolar  condition  of  the  nuclei,  like  that  figured 
by  Gdtte\  does  not  appear  till  near  the  close  of  embryonic 
life,  and  is  then  found  equally  in  the  large  ova  fiind  in  those 
not  larger  than  the  ova  which  exist  at  this  early  data 

As  regards  the  relation  of  the  primitive  ova  to  each  other 
and  the  neighbouring  cells,  there  are  a  few  points  which  de- 
serve attention.  In  the  first  place,  the  ova  are,  as  a  rule, 
collected  in  masses  at  particular  points,  and  not  distributed  uni- 
formly (fig.  14.  a.)  The  masses  in  some  cases  appear  as  if  they  had 

.  ^  Entwicklun^geschichte  der  Unke^  PL  x.  fig.  8. 
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resulted  from  the  division  of  one  primitive  ovum,  but  can  hardly 
be  adduced  as  instances  of  a  commencing  coalescence ;  since  if 
the  ova  thus  aggregated  were  to  coalesce,  an  ovum  would  be 
produced  of  a  very  much  greater  size  than  any  which  is  found 
during  the  early  stages.  Though  at  this  stage  no  indication 
is  present  of  such  a  coalescence  of  cells  to  form  ova  as  is  be- 
lieved to  take  place  by  Gotte,  still  the  origin  of  the  primitive 
ova  is  not  quite  clear.  One  would  naturally  expect  to  find  a 
great  number  of  cells  intermediate  between  primitive  ova  and 
ordinary  columnar  cells.  Cells  which  may  be  intermediate  are 
no  doubt  found,  but  not  nearly  so  frequently  as  might  have 
been  anticipated.  One  or  two  cells  are  shewn  in  PI.  vi.  fig. 
14  a.  0?,  which  are  perhaps  of  an  intermediate  character;  but 
in  most  sections  it  is  not  possible  to  satisfy  oneself  that  any 
such  intermediate  cells  are  present. 

In  one  case  what  appeared  to  be  an  intermediate  cell  was 
measured,  and  presented  a  diameter  of  *012  Mm.  while  its 
nucleus  was  *008  Mm.  Apart  from  certain  features  of  the 
nucleus,  which  at  this  stage  are  hardly  very  marked,  the 
easiest  method  of  distinguishing  a  primitive  ovum  from  an 
adjacent  cell  is  the  presence  of  a  large  quantity  of  protoplasm 
around  the  nucleus.  The  nucleus  of  one  of  the  smallest  primi* 
tive  ova  is  not  larger  than  the  nucleus  of  an  ordinary  cell  (being 
about  *008  Mm.  in  both).  It  is  perhaps  the  similarity  in  the  size 
of  the  nuclei  which  renders  it  difficult  at  first  to  distinguish 
developing  primitive  ova  from  ordinary  cells.  Except  with  the 
very  thinnest  sections  a  small  extra  quantity  of  protoplasm 
around  a  nucleus  might  easily  escape  detection,  and  the  de- 
veloping cell  might  only  become  visible  when  it  had  attained 
to  the  size  of  a  small  typical  primitive  ovum. 

It  deserves  to  be  noticed  that  the  nuclei  even  of  some  of 
the  largest  primitive  ova  scarcely  exceed  the  surrounding  nuclei 
in  size.  This  appears  to  me  to  be  an  argument  of  some  weight 
in  shewing  that  the  great  size  of  primitive  ova  is  not  due  to 
the  fact  of  their  having  been  formed  by  a  coalescence  of  dif- 
ferent cells  (in  which  case  the  nucleus  would  have  increased  in 
the  same  proportion  as  the  cell) ;  but  to  an  increase  by  a  normal 
method  of  growth  in  the  protoplasm  around  the  nucleus. 

It  appears  to  me  to  be  a  point  of  great  importance  certainly 
to  determine  whether  the  primitive  ova  arise  by  a  meta- 
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morpbosis  of  adjoining  cells,  or  may  not  be  introduced  from  else- 
where. In  some  of  the  lower  animals,  e.  g,  Hydrozoa,  there  is  no 
question  that  the  ova  are  derived  from  the  epiblast ;  we  might 
therefore  expect  to  find  that  they  had  the  same  origin  in  Verte- 
brates. Further  than  this,  ova  are  frequently  capable  in  a 
young  state  of  executing  amoeboid  movements,  and  accordingly 
of  migrating  from  one  layer  to  another.  In  the  Elasmobranchs 
the  primitive  ova  exhibit  in  a  hardened  state  an  irregular  form 
which  might  appear  to  indicate  that  they  possess  a  power  of 
altering  their  shape,  a  view  which  is  further  supported  by  some 
of  them  being  at  the  present  stage  situated  in  a  position  very 
different  from  that  which  they  eventually  occupy,  and  which 
they  can  only  reach  by  migration.  If  it  could  be  shewn  that 
there  were  no  intermediate  stages  between  the  primitive  ova 
and  the  adjoining  cells  (their  migratory  powers  being  admitted) 
a  strong  presumption  would  be  oflFered  in  favour  of  their  having 
migrated  from  elsewhere  to  their  present  position.  In  view 
of  this  possibility  I  have  made  some  special  investigations, 
which  have  however  led  to  no  very  satisfactory  results.  There 
are  to  be  seen  in  the  stages  immediately  precedine:  the  present 
one,  numerous  cells  in  rcorresponding  position  to  that  of  the 
primitive  ova,  which  might  very  well  be  intermediate  between 
the  primitive  ova  and  ordinary  cells,  but  which  oflTer  no  suffi- 
ciently well  marked  features  for  a  certain  determination  of 
their  true  nature. 

In  the  particular  embryo  whose  primitive  ova  have  been 
described  these  bodies  were  more  conspicuous  than  in  the 
majority  of  cases,  but  at  the  same  time  they  presented  no 
special  or  peculiar  characters. 

In  a  somewhat  older  embryo  of  Scyllium  the  cells  amongst 
which  the  primitive  ova  lay  had  become  very  distinctly  dif- 
ferentiated as  an  epithelium  (the  germinal  epithelium  of 
Waldeyer)  well  separated  by  what  might  almost  be  called  a 
basement  membrane  from  the  adjoining  connective-tissue  cells. 
Hardly  any  indication  of  a  germinal  ridge  bad  appeared,  but 
the  ova  were  more  definitely  confined  than  in  previous  embryos 
to  the  restricted  area  which  eventually  forms  this.  The  ova 
on  the  average  were  somewhat  smaller  than  in  the  previous 
cases. 

In  several  embryos  intermediate  in  age  between  the  embry ' 
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whose  primitive  ova  were  described  at  the  commencement  of 
this  section  and  the  embryo  last  described,  the  primitive  ova 
presented  some  peculiarities,  about  the  meaning  of  which  I 
am  not  quite  clear,  but  which  may  perhaps  throw  some  light 
on  the  origin  of  these  bodies. 

Instead  of  the  protoplasm  around  the  nucleus  being  clear  or 
slightly  granular,  as  in  the  cases  just  described,  it  was  filled  in 
the  most  typical  instances  with  numerous  highly  refracting 
bodies  resembling  yolk-spherules.  In  osmic  acid  specimens  (PL 
VI.  fig.  15)  these  stain  very  darkly,  and  it  is  then  as  a  rule  very 
difficult  to  see  the  nucleus ;  in  specimens  hardened  in  picric 
acid  and  stained  with  hsematoxylin  these  bodies  are  stained  of 
a  deep  purple  colour,  but  the  nucleus  can  in  most  cases  be  dis- 
tinctly seen.  In  addition  to  the  instances  in  which  the  proto- 
plasm of  the  ova  is  quite  filled  with  these  bodies,  there  are 
others  in  which  they  only  occupy  a  small  area  adjoining  the 
nucleus  (PI.  vi.  fig.  15  a),  and  finally  some  in  which  only  one  or 
two  of  these  bodies  are  present.  The  protoplasm  of  the 
primitive  ova  appears  in  fact  to  present  a  series  of  gradations 
between  a  state  in  which  it  is  completely  filled  with  highly 
refracting  spherules  and  one  in  which  these  are  completely 
absent. 

This  state  of  things  naturally  leads  to  the  view  that  the 
primitive  ova,  when  they  are  first  formed,  are  filled  with  these 
spherules,  which  are  probably  yolk-spheniles,  but  that  they 
gradually  lose  them  in  the  course  of  development*  Against 
this  interpretation  is  the  fact  that  the  primitive  ova  in  the 
younger  embryo  first  described  are  completely  without  these 
bodies;  this  embryo  however  unquestionably  presented  an 
abnormally  early  development  of  the  ova;  and  I  am  satisfied 
that  embryos  present  considerable  variations  in  this  respect. 

If  the  primitive  ova  are  in  reality  in  the  first  instance 
filled  with  yolk-spherules,  the  question  arises  as  to  whether, 
considering  that  they  are  the  only  mesoblast  cells  filled  at  this 
period  with  yolk-spherules,  we  must  not  suppose  that  they 
have  migrated  from  some  peripheral  part  of  the  blastoderm 
into  their  present  position.  To  this  question  I  can  give  no 
satisfactory  answer.  Against  a  view  which  would  regard  the 
spherules  in  the  protoplasm  as  bodies  which  appear  subsequently 
to  the  first  formation  of  the  ova,  is  the  fact  that  hitherto 
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no  instances  in  which  these  spherules  were  present  have  been 
met  with  in  the  later  stages  of  development  after  the  appear* 
ance  of  the  external  gills ;  and  they  seem  therefore  to  be  con- 
fined to  the  first  stages. 

Ifotochord, 

The  changes  undergone  by  the  notochord  during  this  period 
present  considerable  difiPerences  according  to  the  genus  ex* 
anuned.  One  type  of  development  is  characteristic  of  Scyllium 
and  Fristiurus ;  a  second  type,  of  Torpedo. 

My  observations  being  far  more  complete  for  Scyllium  and 
Pristiurus  than  for  Torpedo,  it  is  to  the  two  former  genera 
only  that  the  following  account  applies,  unless  the  contrary 
is  expressly  stated.  Only  the  development  of  the  parts  of 
the  notochord  in  the  trunk  are  here  dealt  with ;  the  cephalic 
section  of  the  notochord  is  treated  of  in  a  subsequent  section. 

During  stage  Q  the  notochord  is  composed  of  flattened 
cells  arranged  vertically,  rendering  the  histological  characters 
of  the  notpcbord  difiScult  to  determine  in  transverse  sections. 
In  longitudinal  sections,  however,  the  form  and  arrangement 
of  the  cells  can  be  recognised  with  great  ease.  At  the  beginning 
of  stage  Q  each  cell  is  composed  of  a  nucleus  invested  by 
granular  protoplasm  frequently  vacuolated  and  containing  in 
suspension  numerous  yolk-spherules.  It  is  difficult  to  deter- 
mine whether  there  is  only  one  vacuole  for  each  cell,  or  whether 
in  some  cases  there  may  not  be  more  than  one. 

Bound  the  exterior  of  the  notochord  there  is  present  a 
distinct  though  delicate  cuticular  sheath. 

The  vacuoles  are  at  first  small,  but  during  stage  G  rapidly 
increase  in  size,  while  at  the  same  time  the  yolk-spherules 
completely  vanish  from  the  notochord. 

As  a  result  of  the  rapid  growth  of  the  vacuoles,  the  nuclei, 
surrounded  in  each  case  by  a  small  amount  of  protoplasm, 
become  pushed  to  the  centre  of  the  notochord,  the  remainder 
of  the  protoplasm  being  carried  to  the  edge.  The  notochord 
thus  becomes  composed  during  stages  H  and  I  (PL  V.  fig.  4 — 6) 
of  a  central  area  mainly  formed  of  nuclei  with  a  small  quantity 
of  protoplasm  around  them,  and  of  a  thin  peripheral  layer  of 
protoplasm  without  nuclei,  the  widish  space  between  the  two 
being  filled   with  clear  fluid.    The   exterior  of  the   cells    is 
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indurated,  so  that  they  may  be  said  to  be  invested  by  a  mem* 
brane ;  the  cells  themselves  have  a  flattened  form,  and  each  ex- 
tends  from  the  edge  to  the  centre  of  the  notochord,  the  long  axis 
of  each  being  rather  greater  than  half  the  diameter  of  the  cord. 

The  nuclei  of  the  notochord  are  elliptical  vesicles,  consisting 
of  a  membrane  filled  with  granular  contents,  amongst  which  is 
situated  a  distinct  nucleolus.  They  stain  deeply  with  h^ema- 
toxylin.    Their  long  diameter  in  Scyllium  is  about  002  Mm. 

The  diameter  of  the  whole  notochord  in  Pristiurus  during 
stage  I  is  about  01  Mm.  in  the  region  of  the  back,  and  about 
0'08  Mm.  near  the  posterior  end  of  the  body. 

Owing  to  the  form  of  its  constituent  cells,  the  notochord 
presents  in  transverse  sections  a  dark  central  area  surrounded 
by  a  lighter  peripheral  one,  but  its  true  structure  cannot  be 
unravelled  without  the  assistance  of  longitudinal  sections.  In 
these  (PL  vi.  fig.  10)  the  nuclei  form  an  irregular  double  row  in 
the  centre  of  the  cord.  Their  outlines  are  very  clear,  but  those 
of  the  individual  cells  cannot  for  certain  be  made  out.  It  is, 
however,  easy  to  see  that  the  cells  have  a  flattened  and  wedge- 
shaped  form,  with  the  narrow  ends  overlapping  and  inter- 
locking at  the  centre  of  the  notochord. 

By  the  close  of  stage  I  the  cuticular  sheath  of  the  notochord 
has  greatly  increased  in  thickness. 

During  the  period  intermediate  between  stages  I  and  K 
the  notochord  undergoes  considerable  transformations.  Its 
cells  cease  to  be  flattened,  and  become  irregularly  polygonal, 
and  appear  but  slightly  more  compressed  in  longitudinal  sec- 
tions than  in  transverse  ones.  The  vacuolation  of  the  cells  pro- 
ceeds rapidly,  and  there  is  left  in  each  cell  only  a  very  thin 
layer  of  protoplasm  around  the  nucleus.  Each  cell,  as  in  the 
earlier  stages,  is  bounded  by  a  membrane-like  wall. 

Accompanying  these  general  changes  special  alterations 
take  place  in  the  distribution  of  the  nuclei  and  the  protoplasm. 
The  nuclei,  accompanied  by  protoplasm,  gradually  leave  the 
centre  and  migrate  towards  the  periphery  of  the  notochord. 
At  the  same  time  the  protoplasm  of  the  cells  forms  a  special 
layer  in  contact  with  the  investing  sheath. 

The  changes  by  which  this  takes  place  can  easily  be  followed 
in  longitudinal  sections.  In  PI.  VL  fig.  11  the  migration  of  the 
nuclei  has  commenced.     They  are  still,  however,  more  or  less 
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aggregskted  at  the  centre,  and  very  little  protoplasm  is  pre::ent 
at  the  edges  of  the  notochord.  The  cells,  though  more  or  less 
irregularly  polygonal,  are  still  somewhat  flattened.  In  PL  VI. 
fig.  12  the  notochord  has  made  a  further  progress.  The  nuclei 
now  mainly  lie  at  the  side  of  the  notochord,  where  they  exist  in 
a  somewhat  shrivelled  state,  though  still  invested  by  a  layer  of 
protoplasm. 

A  large  portion  of  the  protoplasm  of  the  cord  forms  an 
almost  continuous  layer  in  close  contact  with  the  sheath, 
which  is  more  distinctly  visible  in  some  cases  than  in  others. 

While  the  changes  above  described  are  taking  place  the 
notochord  increases  in  size.  At  the  age  of  fig.  11  it  is  in  the 
anterior  part  of  the  body  of  Fristiurus  about  Oil  Mm.  At  the 
age  of  fig.  12  it  is  in  the  same  species  0*12  Mm.,  while  in  Scyl* 
lium  Stellare  it  reaches  about  0'17  Mm. 

Daring  stage  E  (PI.  v.  fig.  8)  the  vacuolation  of  the  cells  of 
the  notochord  becomes  even  more  complete  than  during  the 
earlier  stages,  and  in  the  central  cells  hardly  any  protoplasm 
is  present,  though  a  starved  nucleus  surrounded  by  a  little 
protoplasm  may  be  found  in  an  occasional  comer. 

The  whole  notochord  becomes  very  delicate,  and  can  with 
great  difficulty  be  conserved  whole  in  transverse  sections. 

The  layer  of  protoplasm  which  appeared  during  the  last 
stage  on  the  inner  side  of  the  cuticular  membrane  of  the 
notochord  becomes  during  the  present  stage  a  far  thicker  and 
more  definite  structure.  It  forms  a  continuous  layer  with 
irregular  prominences  on  its  inner  surface ;  and  contains  nume* 
rous  nuclei.  The  layer  sometimes  presents  in  transverse  sec- 
tions hardly  any  indication  of  a  division  into  a  number  of 
separate  cells,  but  in  longitudinal  sections  this  is  generally  very 
obvious.  The  cells  are  directed  very  obliquely  forwards,  and 
consist  of  an  oblong  nucleus  invested  by  protoplasm.  The 
layer  formed  by  them  is  very  delicate  and  very  easily  destroyed. 
In  one  example  its  thickness  varied  from  *004  to  '006  Mm.,  in 
another  it  reached  '012  Mm.  The  thickness  of  the  cuticular 
membrane  is  about  '002  Mm.  or  rather  less. 

The  diameter  of  a  notochord  in  the  anterior  part  of  the 
body  of  a  Pristiurus  embryo  of  this  stage  is  about  0*21  Mm. 
Kound  the  exterior  of  the  notochord  the  mesoblast  cells  are 
commencing  to  arrange  themselves  as  a  special  sheath. 
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In  Torpedo  the  notochord  at  first  presents  the  same 
structure  as  in  Fristiurus,  i.  e.  it  forms  a  cylindrical  rod  of 
flattened  cells. 

The  vacuolation  of  these  cells  does  not  however  commence 
till  a  relatively  very  much  later  period  than  in  Pristiurus,  and 
also  presents  a  very  different  character  (PI.  v.  fig.  7). 

The  vacuoles  are  smaller,  more  numerous,  and  more  rounded 
than  in  the  other  genersi,  and  there  can  be  no  question  that  in 
many  cases  there  is  more  than  one  vacuole  in  a  cell.  The 
most  striking  point  in  which  the  notochord  of  Torpedo  differs 
from  that  of  Pristiurus  consists  in  the  fact  that  in  Torpedo 
there  is  never  any  aggregation  of  the  nuclei  at  the  centre  of  the 
cord,  but  the  nuclei  are  always  distributed  uniformly  through 
it.  As  the  vacuolation  proceeds  the  differences  between  Tor- 
pedo and  the  other  genera  become  less  and  less  marked.  The 
vacuoles  become  angular  in  form,  and  the  cells  of  the  cord 
cease  to  be  flattened,  and  become  polygonal. 

At  my  final  stage  for  Torpedo  (dightly  younger  than  E) 
the  only  important  feature  distinguishing  the  notochord  from 
that  of  Pristiurus,  is  the  absence  of  any  signs  of  nuclei 
or  protoplasm  passing  to  the  periphery.  Around  the  exterior 
of  the  cord  there  is  early  found  in  Torpedo  a  special  invest- 
ment of  mesoblastic  cells. 

EXPLANATION   OF    PLATE   V. 
Complete  list  qfr^erenee  letters, 

ep.  epiblast  4f,  dorsal  fin.  ip,c  spinal  cord. 

w.  white  matter  of  spinal  cord.  nc*  neural  canaL 

pr,  posterior  root  of  spinal  nenre. 

or,  anterior  root  of  spinal  nerve.  mp,  muscle-plate. 

mi/,  early  formed  band  of  muscles  from  the  splanchnic  layer  of  the 
muscle-plates. 

Vr.  vertebral  rudiment  to.  somatic  laver  of  mesoblast 

sp,  splanchnic  layer  of  mesoblast  pp.  body-cavity. 

pe,  pericardial  cavity.  c.  connective-tissue  cells. 

sdL  segmental  duct  si.  segmental  tube.  po.  primitive  ovum. 

'    ao,  dorsal  aorta.  ca  v,  cardinal  vein.  sv,  sinus  venosna. 

ht,  heart  v,  splanchnic  vein.  ck.  notochord. 

X,  snbnotochordal  rod.  cd,  alimentary  tract        sp,  «.  spiral  valva 

y,  passage  connecting  the  neural  and  alimentary  canals. 

L  hver.  p.  protoplasm  from  yolk  in  the  alimentary  tract 

Fig.  1.  Section  from  the  caudal  region  of  a  Pristiurus  embryo  be- 
longing to  stage  U..    Zeiss  G.  Ocul.  1.    Osmic  acid  specimen. 

It  shews  (1)  the  constriction  of  the  subnotochordal  rod  {x)  from  the 
summit  of  the  alimentary  canal.  (2)  The  formation  of  the  body-cavity 
in  the  musde-plito  and  the  ventral  thickening  of  the  parietal  plata 
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fig:  la.  Portioii  of  alimentary  wall  of  the  same  embryo,  shewing  the 
fomuUion  of  the  sabootochord  rod  (x). 

Fig.  2.  Section  through  the  caudal  Teaicle  of  a  Pristianu  embryo  be- 
longing to  stage  H.    Zeiss  C.  OcoL  1. 

It  shews  the  bilobed  condition  of  the  alimentary  vesicle  and  the  fusion 
of  the  mesoblast  and  hypoblast  at  the  caadal  vesicle. 

Fig.  3a.  Sections  from  the  caadal  region  of  a  Pristinros  embryo  be* 
kmging  to  stage  H.    Zeiss  0.  Ocnl.  1.    Picric  acid  specimen. 

It  shews  the  communication  which  exists  posteriorly  between  the  neural 
and  alimentary  canals,  and  also  by  comparison  with  36  it  exhibits  the  dila- 
tation undergone  by  the  alimentiUT  canal  in  the  caudal  vesicle. 

Fig*.  3b.  Section  from  the  caudal  r^on  of  an  embryo  slightly  younger 
than  3a.     Zeiss  C.  OcuL  1.    Osmic  add  specimen. 

Fig:  4.  Section  from  the  cardiac  r^on  of  a  Pristiums  embryo  be- 
longing to  stage  H.    Zeiss  C.  OcoL  1.    Osmic  add  specimen. 

It  shews  the  formation  of  the  heart  (hi)  as  a  cavity  between  the  splanch- 
nopleure  and  the  wall  of  the  Uiroat 

Fig.  6,  Section  from  the  posterior  dorsal  region  of  a  Scyllium  embryo, 
belonging  to  stage  H.    Zeiss  6.  OcuL  1.    Osmic  acid  spedmen. 

It  shews  the  general  features  of  an  embryo  of  stage  H,  more  esi>ecially 
the  relations  of  the  body-cavity  in  the  parietal  and  vertebral  portions  of 
tile  lateral  plate,  and  the  early  formed  band  of  musde  imp')  in  the  splanchnic 
layer  of  the  vertebnd  plata 

Fig.  6.  Section  from  the  cssophageal  region  of  Scyllium  embryo  be- 
homg  to  stage  L    Zeiss  0.  OcuL  1.    Chromic  acid  specimen. 

It  shews  the  formation  of  the  mdiments  of  the  posterior  nerve-rooti 
[pr)  and  of  the  vertebral  rudiments  ( Fr> 

Fis.  7.  Section  of  a  Torpedo  embrvo  belonging  to  stage  slightly  later 
than  L    Zeiss  0.  OcuL  1.  reduced  J.    Osmic  acid  specimen. 

It  shews  (1)  the  formation  of  the  anterior  ana  posterior  nerve-rootSL 
(2)  The  solid  knob  from  which  the  segmental  duct  (k^  originates. 

Fig.  a  Section  from  the  dorsal  region  of  a  S^llium  embryo  belonging 
to  a  stage  intermediate  between  I  and  K.  Zeiss  0.  OcuL  L  Chromic  add 
specimen. 

It  illustrates  the  structure  of  the  primitive  ova,  segmental  tubes,  noto- 
chord,  etc. 

Fig.  So.  Section  fhmi  the  caudal  region  of  an  embryo  of  the  same  age 
as  8.    Zeiss  A.  OcuL  1. 

It  shews  (1)  the  solid  ossophagus.  (2)  The  nairow  passage  oonnectiog 
the  pericardial  and  body  cavities. 

EXPLANATION    OP   PLATE   VL 

(Complete  list  qf  rtference  letten, 

€p.  epiblast  ip.  c,  spinal  canaL 

pr,  rudiment  of  posterior  root  of  spinal  nerva 

or,       „       „     anterior  root  of  spmal  nerve. 

h.  anterior  fin.  mp.  muscle-plate. 

mp^.  early  formed  band  of  muscles.  Vr.  vertebral  rudiment 

pp.  body-cavity.  um.  umbilical  cord.  id.  segmental  duct 

at.  segmental  tube.      '   «r.  supra-renal  body.         po.  primitive  ovum. 

ge.    germinal  epithelium.  vc  visceral  deft  ao.  dorsal  aorta. 

ca  V,  cardinal  vein.  v.  splanchnic  vein. 

ucL  umbilical  artery.  uv.  umbilical  vein. 

«.  blood-vesseL  ch.  notochord. 

ih.  cuticular  sheath  of  notochord.  w,  subnotochordal  rod 

al.  alimentary  tract  /.  liver. 

an.  point  where  anus  will  be  formed. 
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Fig.  9.  Section  of  a  FristiuniB  embiTO  belonging  io  stage  K.  Zeiss  A. 
Ocul.  1.    Osmic  add  specimen. 

It  shews  the  formation  of  the  liver  (f),  the  stmcture  of  the  anterior  fins 
{b),  and  the  anterior  opening  of  the  segmental  duct  into  the  body-cavity  (9d). 

Fig.  9a,  9bf  9c,  9^.  Four  sections  through  the  anterior  region  of  the 
same  embryo  as  9.    Osmic  acid  specimens. 

The  sections  shew  (1)  the  atrophy  of  the  post-anal  section  of  the  ali- 
mentary tract  {9b,  9Cy  9^.  (2)  The  existence  of  the  segmental  tubes  behind 
the  anus  (9b,  9c,  9d).  With  reference  to  these  it  deserves  to  be  noted  that 
the  segmental  tubcNB  behind  the  anus  are  ^uite  disconnected,  as  is  proved 
by  the  fact  that  a  tube  is  absent  on  one  side  in  9c  but  reappears  in  9dL 
(3)  The  downward  prolongation  of  the  segmental  duct  to  jdn  the  posterior 
extremity  of  the  alimentary  tract  {9b), 

Fiff.  10.  Longitudinal  and  horizontal  section  of  a  Scyllinm  embryo  of 
stage  H.    Zeiss  C.  Ocul.  1.    Reduced  by  ^.    Picric  acid  specimen. 

It  shews  {\)  the  structure  of  the  notochord  ;  (*2)  the  appearance  of  the 
early  formed  oand  of  muscles  {fnp\)  in  the  splanchnic  layer  of  the  proto- 
vertebra. 

Fig.  11.  Longitudinal  and  horizontal  sections  of  an  embryo  belonging  to 
stage  I.  Zeiss  C.  Ocul.  1.  Chromic  acid  si>ecimen.  It  illustrates  the  same 
points  as  the  previous  section,  but  in  addition  shews  the  formation  of  the 
rudiments  of  the  vertebral  bodies  ( Vr)  which  are  seen  to  have  the  same 
segmentation  as  the  musde-plates. 

Fig.  12.  Longitudinal  and  horizontal  section  of  an  embryo  belonging  to 
the  stoge  intermediate  between  I  and  K.  Zeiss  0.  Ocul.  L,  Osmic  acid 
specimen  illustrating  the  same  points  as  the  previous  section. 

Fig.  13.  Longitudinal  and  horizontal  section  of  an  embryo  belonging  to 
stage  K,  Zeiss  0.  Ocul.  1,  and  illustrating  same  points  as  previous  section. 

Fig.  14a,  \Ab,  lAc,  14c^.  Figures  taken  from  preparations  of  an  embryo 
of  an  age  intermediate  between  I  and  K,  and  illustrating  the  structure  of  the 
primitive  ova.  Fig.  14a  and  14^  are  portions  of  sections  Zeiss  C.  Ocul.  3 
reduced  ^.  Fig.  14c  and  14€if  are  individual  ova,  shewing  the  commencing 
division  of  nucleus.    Zeiss  F.  Ocul.  2. 

Fig.  15.  Osmic  acid  preparation  of  primitive  ova  belonging  to  stage  K 
Zeiss  immersion  No.  2,  OcuL  1.  The  protoplasm  of  the  ova  is  seen  to  be 
neariy  filled  with  bodies  resembling  yolk- spherules :  and  one  ovum  is  ap* 
parently  undeivoii^  division. 

Fig.  15a.  Picric  acid  preparation  shewing  a  primitive  ovum  partially 
filled  with  bodies  resembling  volk-spherules. 

Fig.  16.  Horizontal  and  longitudinal  section  of  Scyllinm  embryo  be- 
longing to  stage  K.  Zeiss  A.  OcuL  1.  Picric  acid  preparation.  The  con- 
nective-tissue cells  are  omitted. 

The  section  shews  that  there  is  one  segmental  tube  to  each  vertebral 
segment 

Fig.  17.  Portion  of  a  Scyllium  embryo  belonging  to  stage  K,  viewed  as 
a  transparent  object 

It  shews  the  segmental  duct  and  the  segmental  involutions — ^two  of 
which  are  seen  to  belong  to  segments  behind  the  end  of  the  alimentary  tracts. 

Fig.  18.  Vertical  longitudinal  section  of  a  Scyllium  embryo  belonging 
to  sta^  K.  Zeiss  A.  OcuL  I.  Hardened  in  a  mixture  of  osmic  ana 
chromic  acida    It  shews 

(1)   the  commissures  connecting  together  the  posterior  roots  of  the 
spinal  nerves ; 

the  junction  of  the  anterior  and  posterior  roots ; 
the  relations  of  the  segmental  ducts  to  the  segmental  involutioDs; 
the  germinal  epithelium  lining  the  body-cavity. 
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THE  ACTION  OF  PILOCARPIN  ON  THE  SUB-MAX- 
ILLARY  GLAND  OF  THE  DOG.  By  J.  N.  Lanqlet, 
BA^,  8t  JohfCa  College^  Cambridge. 


{From  the  Fhystologiccd  Laboratory^  Cambridge.) 


It  has  for  some  time  been  well  known  that  jaborandi  causeB  in 
man  and  the  higher  vertebrates  a  very  marked  salivary  secre- 
tion. It  might  then  not  unnaturally  be  supposed,  that  an 
inquiry  into  its  method  of  action  would  possibly  suggest  some 
more  complete  explanation  than  we  have  at  present  of  the 
salivary  secretion,  and  so  of  secretion  in  general  The  following 
experiments  were  begun  with  that  end  in  view ;  but  the  experi- 
ments necessary  to  verify  the  suggestions  offered,  have  proved 
so  many  and  varied,  that  I  venture  in  the  meanwhile  to  de- 
scribe the  action  of  the  poison  on  the  salivary  glands,  leaving  a 
discussion  of  the  rationale  of  secretion  to  a  future  paper. 

The  necessity  of  using  the  inconvenient  aqueous  and  alco- 
holic extracts  of  jaborandi  has  of  late  been  obviated  by  the 
separation  of  its  alkaloid  pilocarpin.  In  these  experiments  I 
have  used  the  nitrate  of  pilocarpin  \  a  salt  of  the  alkaloid  very 
readily  soluble  in  water. 

The  sub-maxillary  gland  of  the  dog  was  chosen  for  experi- 

1  I  hare,  throughout,  obtamed  it  from  Mr  Martindale, 
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ment,  owing  to  its  exposed  condition  and  to  the  comparative 
ease  with  which  its  nerves  can  be  isolated ;  a  few  experiments 
were  made  on  the  parotid,  but  these  were  not  increased  in 
number,  since  there  seems  little  reason  to  doubt  that  that  which 
is  true  for  one  salivary  gland  is  also  with  slight  modifications 
true  for  the  rest. 

In  every  case  the  animal  was  placed  under  anaesthetics 
during  the  operation  and  killed  at  its  close;  the  anaesthetics 
employed  have  been  various,  most  frequently  morphia  or  chlo- 
roform, occasionally  chloral  hydrate,  or  croton  chloral  hy- 
drate. 

In  registering  the  amount  of  salivary  secretion  and  of  the 
blood-flow  through  the  gland,  a  Ludwig*s  kymograph  was  used, 
against  the  slowly-moving  paper  of  which  lightly  pressed  three 
levers,  in  the  same  vertical  line,  each  attached  to  the  crosspiece 
of  an  electro-magnet,  the  lower  one  arranged  in  the  usual  way 
to  mark  seconds,  the  other  two  connected  with  a  key  and  gal- 
vanic cell,  so  that  when  the  key  was  put  down  a  mark  was 
made  on  the  paper ;  one  of  the  upper  levers  was  used  to  raster 
the  amount  of  saliva,  and  the  other  the  blood-flow,  each  key 
being  put  down  for  a  definite  quantity  of  fluid.     In  the  case  of 
the  saliva  a  cannula  tied  in  Wharton's  duct  was  connected  by 
a  T  piece  with  a  tube  divided  into  a  number  of  equal  parts; 
tubes  of  different  calibre  were  used  according  to  the  nature  of 
the  experiment  or  at  different  stages  of  the  experiment,  so  that 
the  divisions,  in  all  of  about  equal  length,  contained  1-8,  1-10, 
or  1-32  of  a  cubic  centimetre.     In  observing  the  flow  of  blood, 
all  the  veins  going  to  the  jugular  were  tied,  except  the  veins 
coming  from  the  gland ;  then  either  the  jugular  was  tied  and 
cut  across  on  the  peripheral  side  of  the  ligature  and  the  blood 
allowed  to  run  into  a  narrow  test-tube,  of  which  each  division 
was  equal  to  '5  cc ;  or  a  cut  was  made  just  at  the  division  of  the 
jugular,  the  jugular  itself  clamped,  and  the  blood  collected  as 
before ;  in  the  latter  case,  when  it  was  not  necessary  to  record 
the  blood-flow,  a  damp  was  arranged  so  as  just  to  pinch  up 
the  cut,  and  the  clamp  on  the  jugular  taken  off;  in  this  way 
the  blood  returned  to  the  heart  and  unnecessary  loss  was 
avoided. 

By  means  of  one  of  the  keys  the  beginning  and  end  of  the 
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stimiilation  of  a  nerve,  or  of  the  iBJection  of  any  substance, 
could  also  1)6  recorded. 

OocasioDally  the  crural  art«rj  was  connected  with  a  mano* 
meter  in  the  usual  way,  to  be  able  to  eliminate  any  effect  from 
rarying  blood-pressure. 

The  pilocarpin  was  injected  sometimes  into  the  saphena 
Tein  and  sometimes  through  the  facial  artery  direct  into  the 
gland,  in  the  manner  described  by  Heidenhain  {Pflilger^s  Archiv, 
Band  v.),  except  that  the  subclavian  arteries  were  not  tied. 

In  every  case  the  stimulus  used  was  a  Daniell's  cell  with  a 
Du  Bois  Reymond's  induction  apparatus ;  with  this  the  current 
was  just  perceptible  to  the  tongue,  when  the  secondary  coil  was 
at  12  or  13. 

The  effects  of  pilocarpin  are,  as  will  be  seen,  veiy  different 
aooording  to  the  amount  of  the  dose. 

A  small  quantity  injected  into  the  saphena  vein  causes  in 
about  thirty  seconds  a  secretion  of  saliva  and  an  increased  flow 
of  blood ;  both  begin  at  about  the  same  time,  rapidly  reaching 
a  maximum,  which  is  maintained  for  a  varying  short  time ;  and 
both  then  decline  slowly,  and,  as  the  secretion  becomes  less, 
still  more  slowly,  so  that  it  may  be  twenty,  thirty,  or  more 
minutes  before  the  normal  condition  of  things  is  arrived  at. 

The  minimum  amount  of  pilocarpin  which  will  produce 
secretion  is  very  small,  a  few  milligrams  injected  into  the  gland 
artery  causing  a  marked  flow  of  saliva. 

The  secretion  is  not  affected  by  section  of  either  the  chorda 
tympani  or  the  sympathetic  nerve. 

Stimulation  of  the  peripheral  end  of  the  chorda  tympani 
with  currents  of  medium  strength,  gives  an  increase  of  secretion 
at  whatever  stage  of  the  secretion  it  be  stimulated.  In  one 
case,  however,  which  certainly  is  not  normal,  a  diminution  of 
the  flow  was  repeatedly  caused  by  chorda  tympani  stimulation ; 
the  cause  of  this  at  present  I  can  but  guess  at.  Sometimes  with 
rather  strong  currents  the  effect  of  chorda  tympani  stimulation 
was  almost  exactly  that  which  would  have  been  produced,  had 
the  poison  not  been  acting,  so  that  instead  of  adding  its  normal 
effects  to  those  of  the  pilocarpin  it  merely  increased  those  effects 
up  to  the  normal  stimulation  amount.  An  experiment  will 
.shew  this  more  clearly : 
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5-3 

Normal 

Blood  flow 
per  minute 

50 

SaliTttflcfw 
per  minute 

l«s|  0.0. 

5-5 

Stimulated  ch.  ty.  for  40" 

sec.  coil  11  ... 

rate    27<> 

120 

5*29 

.••             •••             ••• 

40 

— 

5-30 

iDJected  into  facial  artery 
towards  the  gland  (not 
stopping  the  blood-sup- 
ply) 6  minims  of  a  5  p.c. 
sol.  pilocarpin. 

The  blood  and  saliva  flow 
are    influenced,  almost 
immediately,  the  former 
reaching  its  maximum 
rapidity  in  20",  the  lat- 

ter in  30"  ... 

rate    22« 

10» 

5*40 

•..             •*•             •*• 

100 

3» 

5*42 

Rtimulated  ch.  ty.  for  25" 

sec.  coil  11 

rate    27<> 

lOo 

5*45 

.••             •••             ... 

80 

10 

5-47 

Stimulated  ch.  ty.  for  25" 

sec.  coil  11 ... 

rate    27« 

8^ 

The  above  also  sbews  the  powerful  effect  that  pilocarpin  has 
on  the  gland ;  17  mgrs.  producing  almost  as  great  an  effect  as 
stimulation  of  the  chorda  tympani  with  the  fairly  strong 
current  produced  when  the  secondary  coil  is  at  11. 

Stimulation  of  the  sympathetic  during  the  increased  flow 
by  pilocarpin  causes  a  slowing  of  the  blood-flow  and  of  the  se- 
cretion, but  I  have  not  been  able  to  stop  the  secretion  by  this 
means;  the  slowing  probably  depends  on  the  lessened  blood- 
supply. 

The  latent  period  of  secretion  with  pilocarpin  varies  directly 
with  the  amount  injected,  just  as  it  does  with  weak  or  strong 
chorda  tympani  stimulation. 

If  a  second  small  quantity  of  pilocarpin  be  injected,  the 
same  results  will  follow  as  before,  but  unless  some  time  has 
elapsed  the  effect  is  rather  less  in  degree.  The  injection  may 
be  repeated  several  times  with  even  feebler  results,  until  a  con- 
dition is  reached  in  which  there  is  a  very  slow  continuous  secre- 
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tion  with  a  sab-normal  blood-flow,  and  in  which  stimulation  of 

the  chorda  tympani  with  whatever  strength  of  current  produces 

veiy  slight  effects  on  the  saliva  and  comparatively  slight  on  the 

blood-flow.     But  since  before  this  stage  has  been  reached,  the 

pilocarpin  has  caused  a  very  considerable  fall  of  blood-pressure, 

and  a  weakening  as  well  as  a  slowing  of  the  heart,  it  is  better  to 

adopt  another  method  of  experiment,  which  will  avoid  as  much 

as  possible  these  sources  of  error,  to  see  the  effect  of  large 

doses.     This  may  be  done  by  injecting  into  the  gland  artery  by 

Heidenbain's  method,  and  operating  in  addition  to  observe  the 

blood-flow,  so  that  a  great  part  of  the  pilocarpin  may  run  out  of 

the  body\ 

Suppose  that  under  such  circumstances  *1  gm.  of  pilo- 
carpin be  injected,  there  will  be  for  a  short  time,  a  minute  or 
80,  a  rapid  secretion,  which  rapidly  will  decline,  so  that  in  a 
few  seconds  later  there  will  be  a  very  slow  secretion,  perhaps 
of  1-32  cc.  in  two  to  three  minutes,  with  a  scanty  blood-flow ; 
stimulation  of  the  chorda  tympani  will  increase  the  secretion 
to  perhaps  1-32  cc.  in  one  minute,  and  produce  a  marked  but 
comparatively  slight  increase  in  the  blood-flow :  subsequently 
the  secretion  becomes  slower  and  slower,  so  that  perhaps 
there  is  but  1-32  cc.  saliva  in  five  to  ten  minutes ;  which  is 
unaltered  by  stimulation  of  the  chorda  tympani :  finally  the 
secretion  stops  altogether,  and  there  is  barely  any  blood-flow 
through  the  gland.  Stimulation  of  the  sympathetic  still  pro- 
duces a  secretion. 

If  now  the  animal  be  left  a  varying  time  the  secretion 
starts  again  very  slowly,  but  stimulation  of  the  chorda  tympani 
produces  no  effect ;  the  flow  slightly  increases  and  the  chorda 
tympani  becomes  faintly  irritable,  so  that  the  saliva  and  the 
blood-flow  are  both  increased,  especially  the  latter,  by  stimu- 
lation of  the  nerve ;  these  effects  gradually  become  more 
marked  until  there  is  a  fair  secretion  and  fair  nerve  irritability. 

We  have  seen  that  pilocarpin  in  not  too  large  quantity 
produces  just  those  effects  which  are  produced  by  stimulating 

1  Even  tmder  these  conditions  it  sometimes  occurs  that  sufficient  pilocarpin 
is  carried  to  the  heart  to  <»n8e  it  to  stop  completely.  If  this  appear  imminent, 
the  animal  may  he  kept  alive  for  some  other  experiment  suggested  hy  the 
circumstances  hy  injecting  16  to  20  mgm.  of  atropin  into  a  vein ;  the  injection 
of  atropin  must  not  be  deferred  too  long,  or  it  will  be  useless. 
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the  chorda  tjmpani ;  we  might  therefore  expect  that  after 
atropin  has  heen  given  the  effects  of  injecting  a  not  too  large 
quantitj  of  pilocarpin  wonid  be  mmilar  to  those  of  chorda 
tympani  Btimulation ;  this  indeed  is  the  case.  It  is  well  known 
that  after  atropin  has  been  given  stimulation  of  the  chorda 
tympani  causes  an  increase  of  blood-flow,  but  no  longer  a 
secretion  of  saliva ;  injection  of  pilocarpin  into  a  vein  at  this 
stage  gives  an  increase  of  blood-flow,  but  no  secretion  of  saliva. 
This  as  a  general  statement  is  true,  yet  the  matter  is  not  quite 
so  simple  as  might  appear  from  such  a  statement,  for  when  the 
chorda  tympani  is  paralysed  by  atropin  the  increase  of  blood- 
flow  from  pilocarpin  is  very  much  less  than  that  which  would 
normally  have  been  produced.  This  is,  I  believe,  in  part 
intimately  connected  with  the  fact  that  the  increase  of  blood- 
flow  by  the  injection  of  pilocarpin  in  such  circumstances  is 
generally  less  than  that  from  chorda  tympani  stimulation,  and 
in  part  is  dependent  upon  the  action  of  atropin.  The  effect  of 
atropin  on  the  vaso-dilator  fibres  of  the  chorda  tympani  has, 
I  think,  been  rather  underrated;  in  several  experiments  the 
following  has  been  the  course  a!  events :  on  injecting  a  small 
quantity  of  atropin  sulphate,  say  5  mgr.,  the  secretory  power 
of  the  chorda  tympani  is  lowered  in  the  most  marked  manner, 
with  little  if  any  change  in  the  vaso-dilator  effects ;  on  a  further 
injection  of  say  2  mgr.  the  saliva  rises  slightly  in  fairly  strong 
Btimulation  (sea  coil  10),  the  blood  flowing  rapidly  but  less 
than  before.  Although  such  a  very  striking  diminution  of  the 
secretory  effect  of  the  chorda  tympani  is  produced  by  the 
injection  of  7  mgr.  of  atropin,  yet  to  get  rid  of  this  small  re- 
maining effect  atropin  has  to  be  injected  to  10-16  mgr.  The 
last  doses  of  atropin  produce  an  effect  on  the  vaso-dilator  fibres, 
so  that  when  no  secretion  follows  stimulation  of  the  chorda 
tympani  for  1'  30"  with  coil  8,  the  blood-flow,  though  strikingly 
increased,  is  much  less  than  that  normally  produced. 

It  is  this,  I  think,  which  largely  causes  the  marked  diminu- 
tion in  increase  of  blood-flow  by  pilocarpin  after  atropin. 

It  has  been  shown  by  Vulpian  and  others  that  atropin  stops 
tho  salivary  secretion  which  has  been  started  by  pilocarpin; 
this  is  easily  verified,  moreover  the  quantity  required  is  lek- 
tivoly  small,  but  the  quantity  required  to  paralyse  the  chorda 
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tjrmpaDi  when  pilocarpin  in  small  doses  has  been  given  is 
larger  than  that  nonnally  required,  and  so  np  to  a  certain 
point  the  greater  the  amount  of  pilocarpin  given,  the  greater 
the  amount  of  atrojHn  necessary  to  paralyse  the  chorda  tympani. 
Yulpian  has  also  stated^  that  after  atropin  has  paralysed 
the  chorda  tympani,  pilocarpin  can  cause  no  salivary  secretion. 
With  the  heart  of  the  frog*  I  have  shown  that  atropin  and 
jaborandi  exert  an  action  depending  on  their  relative  propor- 
tions^ and  that  a  heart  freed  from  jaborandi  stand-still  by 
atropin  can  again  be  brought  to  a  stand-still  by  jaborandi,  and 
once  more  freed  from  it  by  atropin.  A  corresponding  state  of 
things  holds  good  with  the  salivary  gland :  the  pilocarpin  secre- 
tion that  has  been  stopped  by  atropin  can  be  renewed  by  pilo- 
carpin and  again  stopped  by  atropin ;  this  may  be  proved  by 
injecting  into  a  vein,  but  is  much  more  satisfactorily  shown  by 
injecting  into  the  gland  artery  by  the  facial  and  allowing  the  first 
blood  to  flow  out  by  the  jugular.  The  following  experiments 
wiU  illustrate  this  antagonistic  action : 


11.40.     Stimulated  ch.  ty.  for  12  seconds. 

Sec.  ooil  11. 
11.50.     Injected  into  saphena  vein  17  mgui. 

atropin. 
12.0.       Stimulated  ch.  ty.     Sec,  coil  10  for 

1  minute. 
12.25.     Stimulated  ch.  ty.     Sec.  ooil  8  for  1 

minute. 
12.30.     Injected  into  facial  artery  towards 

gland  '1  grm.  pilocarpin.    Tn  10  to 

20  seconds  the  saliva  begins  to  flow, 
1.0.     Injected  into  eaphena  vein  20  mgrm. 

atropin. 


Saliva  flaw. 
3*inl2'',  f.e,  rate 
16«in60". 


No  trace. 
No  trace. 


5*  m  60". 
stopped  almost 
immediately. 


1.15.     Stimulated  ch.  ty.     Good  secretion. 

1.17.     Injected  43  mgr.  pilocarpin  into  gland  by  artery.    Almost 

immediately  a  rapid  8ecretion,which  rapidly  b^mes  slow. 
1.20.     Ii^ected  into  saphena  vein  20  mgr.  atropin.      Secretion 

stopped. 
1.25.     Stimulated  ch.  ty.     Sec*  coil  9  for  1  minute.     No  trace  of 

secretion. 
1.35.     Both  ch.  ty.  still  paralysed. 


1  Quoted  \^  Nicolini,  HiBt,  de$  Pilocaijms,  1876. 
*  Journal  of  AnaU  and  Phijs.  Ooi.  1B75. 
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1.40.     Injected  into  gland  by  artery  -1  gim.  pilocarpin.    In  aboxii 
one  minute  secretion  begins. 

1.45.  Saliva  flow  2«  in  40". 

1.46.  Stimulated  ch.  ty.  for  28".     Sec.  coil  10.     2*  in  28". 

2.10.  Secretion  stopped;  both  cL  ty.  paralysed,  i.c.  the  pilo- 
carpin has  been  washed  out  of  the  body,  escaping  by  tbe 
jugular,  so  that  the  atropin  remaining  in  the  blocnl  foi* 
the  second  time  caused  paralysis. 

Summing  up  then  the  action  of  pilocarpin : 

In  small  doses,  i.e.  up  to  about  30  mgr.  It  exerts  an  axTtion 
on  the  gland  very  similar  to  that  produced  by  stimulation  of 
the  chorda  tympani. 

It  causes  a  rapid  secretion,  and  a  considerable  increase  .of 
blood-flow ;  both  secretion  and  blood-flow  gradually  declining^. 

Its  effects  are  little  if  at  all  altered  by  section  of  the  chorda 
tympani  or  of  the  sympathetic  nerve. 

Stimulation  of  the  chorda  tympani  increases  the  pilocarpin 
effects,  %,e.  the  nerve  is  functionally  unaltered. 

Stimulation  of  the  sympathetic  diminishes  its  effects,  so  that 
this  nerve  too  is  functionally  unaltered. 

The  secretion  is  stopped  by  injecting  atropin  (a  fact  for 
some  time  known),  but  a  quantity  of  atropin  sufficient  to 
paralyse  the  chorda  tympani  does  not  prevent  a  relatively 
large  quantity  of  pilocarpin  from  producing  its  ordinary  results. 
In  fact,  the  secretion  or  absence  of  secretion  is  dependent  on 
the  relative  quantity  of  the  two  poisons  present,  just  as  is  the 
stand-still  or  beat  of  the  heart. 

In  larger  doses.  Instead  of  causing  a  stronger  saliva-flow, 
it  causes  none  at  alP,  and  further  prevents  the  chorda  tympani 
fi'om  producing  any  secretion. 

It  considerably  diminishes  the  blood-flow  through  the  gland, 
as  well  as  the  effect  of  the  chorda  tympani  on  the  blood-flow. 

It  does  not  however  stop  the  sympathetic  secretion.  The 
action  indeed  is  not  very  dissimilar  to  that  of  atropin ;  this 
agrees  with  its  action  on  the  vagus  and  inhibitory  apparatus 
of  the  heart  (loc,  cit)y  where  in  large  doses  it  prevents  any 
inhibition  of  the  heart  from  stimulation  of  the  vagus  or  of  the 
junction  of  the  sinus  venosus,  just  as  atropin  does. 

^  The  transient  secretion  ensuing  immediately  after  injection  is  not  here 
regarded  as  a  proper  effect  of  a  strong  dose,  since  the  larger  the  dose  the 
slighter  and  more  transient  it  beeomes. 


ON  A  NEW  STAININQ-FLUID.  By  Julius  Deeschfeld, 
H.D.,  H.RC.P.,  Lecturer  on  JPathology,  The  Owens  College, 
Manchester;  Aesistant-Fhyeician,  Manchester  Royal  In- 
firmary. 

Fob  the  last  nine  months  I  have  been  in  the  habit  of  using  a 
new  Btaining-fluid  for  histological  purposes,  which  I  find  to 
have  so  many  advantages  over  other  colouring  fluids  now  in 
use,  that  I  may  be  permitted  to  draw  attention  to  it,  since  after 
a  very  extensive  trial  I  have  obtained  very  satisfactory  results 
from  its  use. 

The  fluid  in  question  is  a  very  dilute  solution  of  Eosin,  a 
body  which  is  now  manufactured  in  large  quantities,  and  can 
easily  be  obtained  from  any  wholesale  chemist. 

The  mode  of  application  is  very  simple.  The  thin  sections 
are  put  into  the  eosin  solution,  which  contains  about  one  part 
of  eosin  to  1000 — 1200  parts  of  water  and  which  presents  a 
sherry-coloured,  green  fluorescent  fluid;  they  are  allowed  to 
remain  in  that  fluid  only  for  one  minute  to  a  minute  and  a-half, 
are  subsequently  put  for  a  very  short  time  into  water  slightly 
acidulated  with  acetic  acid,  and  can  then  be  examined  either 
in  glycerine  or  any  other  of  the  ordinary  menstrua,  or  can  be 
mounted  in  CSanada-balaam  in  the  usual  fashion.  If  the  sections 
are  to  be  mounted  in  balsam,  it  is  better  to  use  tissues  hardened 
in  alcohol  or  chromic  acid,  as  with  some  fresh  tissues  (but  by 
no  means  with  all),  such  as  cartilage,  the  eosin  when  brought 
into  absolute  alcohol  previous  to  mounting  in  balsam  is  dis- 
solved out. 

The  action  of  eosin  on  tissues  is  very  similar  to  that  of  car- 
mine, since  it  stains  chiefly  the  nuclei  and  the  softer  proto- 
plasm ;  it  has,  however,  several  great  advantages  over  carmine, 
for: 

1.  The  time  required  for  perfect  staining  does  not  exceed 
1 — 1\  minutes. 

2,  The  solution  is  easily  prepared,  remains  perfectly  clear, 
and  can  be  kept  without  altering  or  forming  a  precipitate  for 
any  length  of  time. 
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3.  Eosin  has  the  property  of  clearing  the  tissues^  and  hence 
even  thick  sections  allow  their  microscopic  structure  to  be  studied 
with  accuracy. 

4r.  In  specimens  stained  with  eosin  the  component  parts  of 
the  tissue  are  beautifully  differentiated ;  this  makes  it  particu- 
larly applicable  in  the  examination  of  complicated  structures, 
such  as  tumours. 

The  last  two  properties  of  eosin  are  probably  due  to  its 
fluorescence,  for  I  found  the  same  property  in  two  other  highly 
fluorescent  preparations,  namely :  Fluorescin  and  Magdala  Red. 
The  former  of  these  two  bodies  clears  the  tissues  without 
staining  them;  the  Magdala  Red  stains  them  purple  and  is 
therefore  quite  as  applicable  as  eosin,  but  inasmuch  as  it  is  very 
soluble  in  alcohol,  it  cannot  be  used  when  specimens  are  to  be 
mounted  in  balsam, 

I  have  found  the  eosin  staining  particularly  useful  in  ihe 
examination  of  nervous  tissue.  The  nuclei  and  nucleoli  <^  the 
ganglion  cells  are  stained  light  pink ;  the  same  is  the  case  with 
the  axis-cylinder  of  the  nerve«filHres,  and  the  processes  of  the 
ganglion  cells,  while  the  medulla  of  the  nerve-fibres  is  not 
stained  at  all ;  the  areolar  tissue,  on  the  other  hand,  receives  a 
much  deeper  tint  than  the  axis-cylinder. 

I  find  eosin  equally  useful  in  examining  firesh  sections  of 
tumours  for  diagnostic  purposes ;  and  here,  I  think,  it  surpasses 
all  other  coloij^ring  re«agents,  owing  to  the  short  time  of  ex- 
posure, the  clearing  t(p  of  even  thick  secticms  and  the  differenti- 
ation of  the  component  parts,  such  as  the  areolar  tissue  and  the 
cellular  elements,  so  that  the  histological  details  come  out  with 
very  great  clearness. 

It  will  be  seen  from  the  above  that  eosin  will  foirm  a  veiy 
important  and  convenient  re-agent  in  the  practical  courses  in 
histology  now  universally  given ;  and  it  has  been  used  with  great 
success  in  the  demonstrations  given  last  session  at  The  Owens 
College,  both  in  normal  histology  and  in  morbid  anatomy. 

In  conclusion,  I  wish  to  draw  attention  to  two  points  in 
using  the  eosin  solution,  namely :  to  have  the  solution  very 
dilute,  and  not  to  allow  the  specimens  to  be  ei^posed  longer  than 
one  minute  or  one  minute  and  a-hi^lC. 


NOTES  OP  A  CASE  IN  WHICH  THERE  WAS  A  SMALL 
APERTURE  IN  THE  SEPTUM  VENTRICULORUM 
NEAR  THE  APEX  OF  THE  HEART'.  By  Dycb  Duck- 
WORTH,  M.D.,  St  Bartholamew*8  HospUat  (London). 

This  heart  was  taken  from  the  body  of  a  male  chfld  who  was  bom 
at  fbU  tune,  and  waa  observed  to  be  'cyanotic'  at  the  time  of  birth, 
and  not  merely  livid  from  defective  respiration. 

On  examination  the  several  cavities  were  fbond  to  be  natand, 
likewise  the  anricnlo-ventncalar  and  sigmoid  valves.  Unfortimately 
the  aorta  was  cut  off  below  the  junction  of  the  dvctos  arteriosus,  so 
that  the  condition  of  the  latter  tube  was  not  ascertained. 

In  the  septum  of  the  ventricles  at  about  the  junction  of  its  middle 
and  lower  third,  and  situated  somewhat  posteriorly,  was  an  opening 
large  enough  to  admit  a  crow-quilL  The  edges  were  more  rounded 
on  the  left  ventricular  aspect.  The  foramen  ovale  was  pervious  and 
the  Eustachian  valve  well  developed. 

The  longs  were  found  not  to  have  been  expanded,  and  hence  the 
child  cannot  have  respired. 

The  history  ^i:as  that  the  mother  was  25  years  of  age,  and  had  been 
married  four  years.  She  had  had  two  miscarriimes,  first,  a  case  of 
twins  at  the  fifth  month,  secondly,  a  miscarriage  at  the  seventh  month. 
Her  third  pregnancy  resulted  in  a  healthy  child  at  full  time.  No 
history  of  syplulis  was  obtained,  and  the  misearriages  appear  to  have 
been  due  to  weakness. 

No  noteworthy  event  occurred  during  eariy  pregnancy  before  the 
birth  of  the  ditld  whose  heart  is  described.  At  the  seventh  month 
the  mother  had  a  fidl  which  was  followed  by  loss  of  blood. 

This  case  presents  the  peculiarity  of  an  aperture  in  the  ventricu- 
lar septum  in  an  unusual  situation. 

In  the  great  majority  of  instances  where  the  septum  is  imperfect, 
the  opening  is  at  Ihe  upper  part,  and  just  below  the  respeetive  sig- 
moid valves'.  Indeed  I  am  not  aware  of  an  example  in'  which  thu 
opemng  has  occurred  in  the  lower  half  of  the  septum.  The  imperfec- 
tion in  this  case  appears  to  serve  no  purpose,  for,  although  the  ductus 
arteriosus  was  not  shewn  to  be  pervious,  I  cannot  doubt  that  it  was 
fiOy  and  would  have  closed  at  the  usual  period  had  the  child  lived. 
The  condition  of  the  pulmonary  artery  warrants  this  supposition. 

It  seems  likely  that  during  systole  the  small  aperture  would  have 
been  completely  closed,  and  no  intermixture  of  blood-currents  would 
have  occurred.  Hence  the  imperfection  may  perhaps  be  more  strictly 
regarded  as  an  anatomical  peculiarity  than  as  a  pathological  specimen, 
and  the  significance  ai  the  pervious  septum  may  be  no  greater  than 
that  of  an  imperfect  foramen  ovale. 

1  I  am  mddbted  for  thiB  specimen  to  Mr  BnrgoBS,  obsietzie  assistant  at  St 
Bartholomew's  Hospital,  in  whose  practice  the  ease  ocourTed,  and  who  kindly 
inmished  the  notes  of  it. 

*  "On  the  irregularities  of  the  large  blood-vessels.*'  W.  Tamer,  Brit,  and 
For,  Med.  Chir.  Review,  lix.  179,  im% 


REPORT  ON  PHYSIOLOGY.  By  Willum  Stirling,  D.Sc., 
CM.,  M.D.  (Edinb.),  Denumstraior  of  Practiced  Physiology  in 
t/ie  University  of  Edinburgh^ 

EuLKMlsrRo  AND  Landois  ON  Therical  Influbncbs  proceediko 
FROM  THE  Hemispheres  of  the  Cerebrum.  (Yaso-motor  apparatus 
of  the  cerebrum.) — Drs  Eulenburg  and  Landois  (CerUralblctU,  No.  15, 
1876)  operated  on  dogs,  and  tibey  found  that  young  animals  were 
specially  well  suited  for  their  purpose.  The  estimation  of  the  tem- 
perature was  taken  thermo^lectrically  by  means  of  a  Meissner- 
Meyerstein's  electro-galvanometer.  As  thermo-electrical  elements, 
two  varnished  Dutrochet  needles  were  employed.  After  opening 
the  skull  and  exposing  the  surface  of  the  brain  the  grey  matter  was 
destroyed  by  means  of  red-hot  copper  wires  to  the  depth  of  one  to 
one  and  a  half  millimetres.  The  animals  were  kept  deeply  under 
chlorofoim.  When  a  certain  portion  of  the  brain  was  to  be  stimu* 
lated  the  animal  was  curarised,  and  induction  shocks  were  applied  by 
means  of  two  fiue  platinum  wires  which  served  as  electrodes.  The 
chief  results  were  the  following  : 

1.  DestructioD  of  certain  regions  c^  the  anterior  lobes  of  the 
brain  corresponding  to  the  temporal  region  caused  at  once  a  con- 
siderable increase  of  the  temperature  in  both  contro-lateral  ex- 
tremities. The  increase  of  temperature  occurred  immediately  after 
the  complete  destruction  of  the  corresponding  parts  of  the  surikce  of 
the  brain,  often  before  the  animal  awoke  from  the  chloroform,  and 
before  it  made  any  spontaneous  movement  The  increase  imme- 
diately after  the  operation  may  be  5®  to  7^  Cent.,  in  other  cases  only 
lJ^to2«Cent. 

2.  The  thermal  areas  for  the  anterior  and  posterior  extremities 
are  separated  from  each  other.  The  area  for  the  fore-fbot  lies  more 
anteriorly,  and  somewhat  external,  close  to  the  lateral  end  of  the 
sulcus  crudatns.  Destruction  of  the  super-sylvian  gyrus  has  no 
thermal  effects. 

3.  In  successful  cases,  after  the  animal  awakened  from  the 
chloroform,  generally  there  was  disturbance  of  motion,  and  it  seems 
that  the  portions  of  the  surface  of  the  brain  which  have  this  thermal 
action  must  lie  in  the  neighbourhood  of  the  oorrosponding  motor 


4,  The  increase  of  the  temperatura  is  in  nearly  all  cases  clearly 
pronounced  for  a  long  time  after  the  injuiy,  sometimes  even  for 
three  weeks;  generally,  however,  it  returns  to  the  normal  on  the 
second  or  third  day.  Localised  electrical  stimulation  of  the  above 
area  with  sufficiently  weak  currents  is  accompanied  by  a  small  and 

>  To  assist  in  rendering  thin  report  more  complete,  authorg  are  invited  to 
s^nd  cof  ies  of  their  papers  to  Pr  Stirling,  Physiological  Laboratoiy,  EdinbozHfa 
Univcrsitv, 
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temporary  (liminution  of  temperature   (0*2^  to  0*0^  Cent.)   in  the 
eontro-lateral  extremities. 

The  author  is  of  opinion  iJiat  these  facts  justify  the  conclusion 
tibat  there  is  a  vaso-motor  apparatus  in  the  grej  matter  of  the  brain, 
and  that  it  partly  represents  the  central  terminations  of  the  vaso- 
motor nerves  which  run  in  the  pednnculus  cerebri. 

On  the  Firsatiovs  of  the  Cerebral  Hemispheres. — C.  Carville 
and  H.  Puret  {Archives  de  FhysioL  1875,  and  CeniralbkUt,  No.  52). — 
The  first  part  of  this  very  extended  research  contains  an  historical 
review-    and  criticism  of  the  experiments  hitherto    made    on  the 
fuDctLon  of  individual  parts  of  the  brain.     The  authors  reject  en- 
tirel  J,  and  with  justice  too,  the  results  of  the  experiments  of  Foumi6, 
obtained  by  injecting  chloride  of  zinc  into  the  brain  of  the  living 
animal.     Even  the  results  of  Nothnagel's  experiments  they  discard 
(injection  of  dilute  chromic  acid).    The  second  part  of  the  paper  is  de- 
voted to  an  experimental  criticism  of  the  results  of  Hitzig  and  Ferrier : 
the  idea  of  Schiff  that  the  movements  caused  by  stimulation  of  the 
sur&oe  of  the  brain  are  reflex,  the  authors  regani  as  not  supported 
by  fe«t    They  cite  experiments  performed  on  living  and  dead  brains, 
to  show  that  on  a  certain  point  of  the  surface  of  the  brain  localised 
currents  extend  both  laterally  and  in  depth.     Two  platinum  needles 
connected  with  a  very  sensitive  galvanometer  were  placed  on  the 
surface  of  the  brain  or  pushed  into  it  to  the  depth  of  several  milli- 
ni^tres.     On  applying  weak  induction  currents  to  certain  parts  of  the 
surface   of  the   brain,   the  galvanometer  needle  was  more  or  less 
deflected.     Nevertheless,  the  localised  action  of  the  current  is  to 
be  assumed,  inasmuch  as  stimulation  of  parts  of  the  surface  of  the 
brain  discharges  different  and  quite  distinct  movements  when  only 
weak  currents  are  employed,  a  £a«t  already  sufficiently  pointed  out 
by  Hitzig.     With  regard  to  the  action  of  aniesthetics  the  authors 
generally  agree  with  Hitsig.    A  further  series  of  experiments  is  given 
to  show  that  the  integrity  of  the  grey  matter  is  not  necessary  for  the 
occurrence  of  circumscribed  movements.     Similar  experiments  were 
performed  by  Braun  and  Putnam.     The  experiments  are  new  which 
prove  that  complete  extirpation  of  the  corpus  striatum  does  not 
hinder  the  occurrence  of  movements  on  stimulation  of  the  surface  of 
the  brain,  and  that  distinct  bundles  of  the  centrum  Yieussenii 
conduct  the  excitement  from  the  brain  to  the  periphery.     Further, 
some  results  of  Ferrier  are  corrected,  which  were  obtained  by  em- 
ploying too  strong  a  current.    The  extirpation  experiments  do  not 
show  anything  new.     The  authors  come  to  the  conclusion  that  the 
cerebral  centres  are  replaced  after  their  destruction  in  the  grey  matter 
of  the  same  hemisphere. 

Further  experiments  are  connected  with  elucidation  of  the 
functions  of  the  corpus  striatum  and  optic  thalamus.  Concerning 
the  latter  the  authors  confirm  the  experiments  of  Ferrier,  according 
to  whom  electrical  stimulation  of  these  structures  does  not  cause 
either  pain  or  movement.  In  studying  the  Unction  of  the  corpus 
striatum,  one  must  specially  bear  in  mind  the  nucleus  caudatus  and 
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the  oorpufl  lendculare.  Electrical  stimulation  of  the  nudeua  caudatus 
yielded  the  authors  the  same  results  as  Ferrier,  viz.,  contractioD.  of  all 
the  muscles  on  the  opposite  half  of  the  body.  Complete  extirpation 
caused  a  great  weakening  of  the  opposite  half  of  the  body  (frequently 
Mling  to  one  side)  and  a  movement  in  a  circle,  in  which  the  animal 
always  executed  the  same  movements  with  the  sound  feet^  and 
rota^  a«,„nd  the  affected  ones  like  a  top.  On  injuring  the  internal 
capsule^  complete  paialysis  of  both  extremities  of  the  otiier  side 
occurs.  This  occurs  upon  injuring  the  anterior  portion  of  the  first 
two-thirds,  which  lies  immediately  under  the  ventrioular  surface  of 
the  nucleus  caudatus.  Section  above  the  same  produces  only  iiuxMn- 
plate  hemiplegia^  Destruction  of  the  posterior  part  of  the  capeola 
interna  (between  thalamus  optiens  and  nuoleua  lenticolare)  produces 
hemi-ansesthesia  of  the  opposite  half  of  the  body. 

The  authors,  from  tJieir  experiments,  attempt  to  locate  the 
probable  position  of  the  different  centres  in  the  cortex  of  the  brain 
in  man  thus : — ^The  centres  for  the  diffbrent  movements  of  the  upper 
and  lower  extremities  lie  ,in  the  middle  of  both  upper  posterior 
cerebral  convolutions,  in  the  middle  of  the  anterior  cerebnd  convo- 
lutions, and  in  the  whole  of  the  upper  temporal  lobes. 

The  centres  for  the  movements  of  the  neck  and  head  lie  in  the 
posterior  part  of  the  first  frontal  oonvolutian,  where  it  unites  with 
the  anterior  central  one. 

The  most  {wobable  centre  for  the  muscles  of  expression  and  eye- 
lid lies  at  the  place  of  junction  of  the  second  frontal  convduticm  with 
the  anterior  cerebral  one. 

The  centre  for  the  movements  of  the  tongue,  jaw,  and  lips  are. 
placed  in  the  third  frontal  convolutioa  (Broca). 

Single  centres  for  the  movements  of  the  eye-balls  are  placed^ 
according  to  Ferrier,  in  the  gyrus  angularis.  The  first  temponK 
sphenoidal  convolution  has  probably  a  relation  to  the  oigan  of 
hearing.  Lastly,  the  authors  give  a  series  of  experiments  which 
have  a  pathological  importancei  Coma  occurs  most  easily  in  ex- 
tensive haemorrhage  into  the  centrum  semi-ovale;  perhaps  with 
heemorrhage  on  tb«  convexity,  and  speciaJiy  of  the  fiK)ntal  lobes. 
If  an  inti'ttrventricular  hnmorrhage  stimulates  the  ependyma  of  the 
veatride,  tetanic  convulsions  of  tibie  extremities  on  the  opposite  side 
of  the  body  result  With  hiemorrhage  at  the  base  stretching  towards 
the  medulla,  the  phenomena  of  general  tetanus  are  always  to  be 
observed  at  the  moment  of  the  attack. 

On  thb  Phenomena  pboduged  bt  Fabadisatiok  of  the 
Ck)RTEX  OF  THE  Brain. — Eochefoutaine  (Gazetie  MecUcale  de  Paritt 
No.  52,  1875)  found  when  both  vagi  were  left  intact,  and  the  su- 
perior cervical  ganglia  of  the  sympathetic  of  the  dog  were  remoTed, 
that  by  faradisation  <^  the  superior  frontal  convolution  before  and 
behind  the  sulcus  cruciatus,  there  was  an  increase  of  the  blood- 
pressure  aud  the  heart-beats.  If,  however,  the  superior  cervical 
ganglia  were  left  intact,  and  the  vagi  divided  between  the  base  of 
the  skull  and  the  nerve-fibres  passing  from  the  superior  cervical 
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^uigliA  to  them,  then  on  stimulating  the  flame  points  on  the  Murfiioe 

ef  the  hvain  thezB  was  a  Tery  connderabie  dinunution  of  the  blood- 

prcaetue  and  of  the  hearfc-beatik     Stimnlation  of  eeterai  parts  of  the 

ni&ce  of  the  brain  had,  therefore,  the  same  effsot  as  stimnlation 

of  the  depressor  nerva     In  a  aimilsr  manner,  from  fonr  different 

puts  of  the  Borhce  of  the  biain,  eontrsction  of  the  spleen  iras  pro- 

daeed ;  frona  otiier  points  eontimctioti  c^  the  intefltines.     The  author 

eoneladeB   firom  this  and  from  the  analogy  of  the  phenomena  ob- 

tuned  <Hi  stimulation  of  peripheral  sensoiy  nerYss,  that  an  unlimited 

number  of  sensory  points  exist  cm  the  surEsuse  of  the  brain,  whose 

stimnlation  acts  on  the  terminations  of  cerebral  centripetal  fibres. 

These  oonduet  the  impressioQ  to  the  nuelei  of  grej  matter  in  the 

intraGmnial  portion  of  the  cord,  from  whence  it  is  trsnslbrred  to 

centrifagal  nerves  to  produce  these  Tarioos  phenomena. 

As  sapporting  his  view  the  author  cites  the  experiments  of  Brown* 
S6qnard  {Journal  of  AnaL  and  Fhy9.  x.  619),  who,  by  the  application 
of  the  actual  cauteiy  to  the  centres  placed  in  the  cortex,  did  not 
soeoeed  In  causing  movements  of  the  extremities. 

Chf    THB  IHFLUENCaB  OF  THS  fizcrTATION  OF  THE  BbAIN  ON  THE 

Beats  of  the  Heabt. — Lupine  {GazeUe  des  EdpUaux^  No.  90,  1875) 
found  that  stimulation  of  the  sur&ce  of  the  most  anterior  part  of  the 
eearebruna  influenced  the  heart-beats  of  the  d^g.  If  the  left  vagus 
was  divided  in  a  curarised  dug,  and  the  fi^  sur&ce  of  the  brain 
was  stimulated,  the  number  of  heart-beats  was  unchanged ;  if  the 
left  side^  on  the  contrary,  was  stimulated,  the  number  of  heart-beats 
was  diminished  and  the  height  of  the  pulse  flank. 

Phvsiology  or  the  CsitfeBELLUv. — H.  Nothnsgel  {CeniraiUaiif 
No.   2%  1876),  from  a  series  of  experiments  on  the  cerebellum  of 
inabbits^  has  arrived  at  the  following  conclusions : — (1)  The  cere^ 
bellum  can  be  stimulated  mechanically  by  a  minimum  puncture  with 
a  needle.     (2)  The  motor  phenomena  can  be  discharged  from  dif* 
ierent  parts  of  the  hemispheres  and  from  its  vermifonn  process.     It 
18  not  necessary  that  the  deeper  parts  adjoining  the  crura  should 
be  stimulated  mechanically.      (3)    Mechanical  stimulation  of  on$ 
hemisphere  of  the  cerebellum  produces  motor  phenomena  first  on 
the  one  and  then  on  the  other  side  of  the  body.     The  same  is  pro* 
duced  by  injury  to  one  side  of  the  vermes;    stimulation  of  the 
vermes  in  the  middle  line  produces  simultaneously  motor  phenomena 
on  both  sides.     (4)  One  may  remove  (a)  the  greater  part  of  one 
hemisphere,  (b)  greater  part  of  both  hemispheres,  t.«.  with  the  ex«> 
ception  of  the  direct  continuation  of  the  crura,  (c)  or  the  entire 
anterior  and  upper  part  of  the  vermes,  and  the  animal  may  remain 
several  days  without  showing  any  symptoms  thereof.     (5)  Destruc- 
tion of  a  distinct  portion  of  the  vermes,  however,  produces  intense 
continued  motor  disturbances  which  agree  with  those  described  by 
Flourens. 

Oh  tiie  Inhibitorv   Nervss  of  the  Cutaneous  Vessels. — 
A.  Ostroumoff  {PflUger'a  Archiv,  Band  xii.  p.  219)  has  investigated 
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the  above  subject  ia  the  laboratory  of  Professor  Heidenhain  of 
BreslaiJL  By  the  term  '  inhibitory  nerve '  the  author  means  a  nerve 
whose  action  is  to  diminiah  the  activity  of  other  nervous  apparatus^ 
and  this  the  more,  the  more  energetically  it  acts.  An  inverse  re- 
lation exists  between  the  degree  of  activity  of  the  inhibitory  nerves 
and  that  of  the  inhibited  nervous  apparatus.  The  author  has  sought 
to  determine  the  condition  of  the  cutaneous  vessels  by  measuring 
the  temperature  of  the  skin.  The  animal  employed  was  the  dog, 
and  the  temperature  was  taken  by  very  sensitive  thermometers 
placed  on  the  interdigital  membrane  of  the  foot. 

1.  SUmtUation  of  the  freshly  divided  Sciatic  Nerve  hy  mecma  of 
Tetanising  InductUm  Shocks. — In  order  to  prevent  evaporation  and 
dr3dng  of  the  nerve  its  peripheral  end  was  placed  in  a  T-shaped  glass 
tube,  into  the  vertical  stem  of  which  electrodes  in  connection  with  the 
seoondaiy  spiral  of  the  induction,  machine  were  placed.     Stimulation 
of  the  peripheral  end  of  the  nerve  was  always  followed  By  a  con- 
traction of  the  vessels,  which  was  not  temporary,  as  indicated  by 
Goltz  (Latidon  Medical  Record,  Jan.   1876),  but  lasted  for  a  long 
time,  so  that  there  is  not  a  rapid  exhaustion  of  the  nerves  pro- 
ducing contraction.     The  reason  of  the  difference  in  Goltz's  experi- 
ments is  to  be  sought  in  the  fact  that  Golts  stimulated  the  nerve 
several  days  after  it  had  been  divided,  t.  e,  when  degeneration  of  the 
nerve-fibres  and  loss  of  excitability  had  already  taken  place. 

2.  Tetanic  Stimiilation  of  tJie  Sciatic  Nerve  three  or  four  days 
cifier  Section, — In  this  case  tetanic  stimulation  was  followed  by  a 
rapid  increase  of  temperature.  The  result  depends  upon  the  time 
after  section.     After  six  days  no  result  coidd  be  obtained. 

3.  Stimulation  of  the  freshly  divided  Sciatic  Nerve  hy  means 
of  single  Induction  Shocks. — Induction  shocks,  applied  at  intervais 
of  five  seconds,  produced  an  increase  of  temperature,  which  could 
also  be  produced,  though  more  rarely,  by  tetanidng  with  very  weak 
currents.  From  these  experiments  the  author  concludes  that  the 
sciatic  nerve  contains  the  proper  vaso-motor  fibres,  whose  stimula- 
tion causes  contraction  of  the  vessels,  together  with  the  inhibitory 
fibres,  whose  stimulation  is  followed  by  dilatation  of  the  vessels. 
If  the  noimal  nerve-trunk  is  stimulated  with  single  induction  shocks 
of  the  proper  strength  at  regular  intervals  of  five  seconds  duration, 
the  influence  of  the  inhibitory  fibres  is  exerted ;  if  the  nerve  is 
tetanised,  and  tlie  currents  do  not  lie  between  very  limited  and  very 
small  values,  the  effect  of  the  vaso-motor  fibres  is  the  more  pro- 
nounced. 

After  section  of  the  nerve-trunk  the  excitability  of  the  vaso-motor 
fibres  sinks  more  rapidly  than  that  of  the  inhibitory  fibres,  so  that 
during  a  certain  period  after  section  (three  or  four  days)  the  excita- 
bility of  vaso-motor  fibres  is  nearly  extinguished.  At  this  time 
tetanic  stimulation,  because  it  acts  on  the  still  highly  excitable  in- 
hibitory nerves,  in  opposition  to  the  results  on  the  normal  nerve, 
no  longer  produces  conti'action,  but  dilatation  of  the  vessels.  The 
author  believes  in  the  existence  of  peripheral  ganglionic  apparatus 
placed  in  connection  with  the  vessels.     The  tonus  of  the  vessels 
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depends  upon  the  great  nerv6H»ntre8  and  also  upon  these  peripheral 
eentres,  on  vrhich  two  kinds  of  nerves  act — ^the  ▼aso-motor,  by  in- 
emsing  their  activity,  the  inhibitory,  by  diminishing  it.     The  dila* 
titioa  of  the  vessels,  following  section  of  the  nerve,  lasts  very  much 
longer  than  the  excitability  of  the  divided  nerve  itselC     The  dila- 
tstbn  also  in  the  course  of  time  diminishes,  but  it  never  completely 
disappears.     The  inhibitory  apparattis  of  the  cutaneous  vessels  is 
more  like  that  of  the  salivary  glands  than  that  of  the  heart.     The 
inhibitory  nerves  of  the  cutaneous  vessels,  like  those  of  the  chorda 
tympani,  are  not  affected  by  a  much  larger  amount  of  atropine  than 
suffices  to   paralyse  the  inhibitory  fibres  of  the  vagus,  and  the  se- 
creting fibres  of  the  chorda  tympani     The  blood-vessels,  whose  vaso- 
motor nerves  are  divided,  can  no  longer  be  regarded  as  simple  elastic 
tabes,  vrhoee  diameter  is  determined  alone  by  the  preesure  exerted 
upon  the    inner  surface.     Yery  pTx>nounced  increase  of  the  blood- 
pressure  Kas  no  obvious  dilating  effect  on  the  small  arteries  and 
ca^nllaries.     The  pressure  within  the  aorta  may  be  doubled  without 
the  temperature  of  the  skin  being  increased.     Such   vessels   with 
divided    nerves  do  not,  however,  conduct  themselves  exactly  like 
quite  normal  ones.     The  capacity  of  the  former  to  resist  fatiguing 
influences  is  much  more  easily  exhaasted.     In  the  author's  experi- 
ments tlie  increase  of  the  blood-pressure  was  produced  by  stimulating 
the  peripheral  end  of  the  great  splanchnic.     The  temperature  rose 
as  little  in  the  paralysed  as  in  the  normal  limb.     The  activity  of  the 
vascular  wall  therefore  must  be  independent  of  the  nerves  passing 
to  it  firom  without.     If  the  sciatic  nerve  of  the  paralysed  side  has 
been  previously  stimulated,  the  increase  of  the  blood-pressure  pro- 
duced by  stimulation  of  the  splanchnic  has  a  decided  effect  upon 
the  temperature.     It  is  therefore  proved  that :  Ist.  The  blood-vessels,' 
even  after  division  of  their  nerves,  offer  great  resistance  for  a  long 
time  to  the  dilating  action  of  the  blood-pressure  when  the  latter  is 
suddenly  increased.      2nd.   That  this   capacity  for  resistance  is  di- 
minished by  fatiguing  influences.     3rd.   That  vessels  which  are  still 
in   connection  with  the  central  organs  are  much  more  capable  of 
developing  this  resistance,  because  they  are  less  easily  fatigued     It 
is   therefore  probable  that  the  peripheral  end  organs  of  the  vaso- 
motor nerves  exercise  a  regulating  influence  on  the  blood-stream. 

The  inhibitory  nerves  of  the  cutaneous  vessels  may  be  set  in 
action  by  (1)  reflex  stimulation :  Heidenhain  has  already  shown 
that  stimulation  'of  the  central  end  of  a  sensory  nerve  increases  the 
temperature  of  the  skin ;  Owsjanikow  has  shown  the  same  for  the 
inhibitory  fibres  of  the  chorda  ;  and  Goltz  observed  that  the  foot  of 
the  other  side  became  normal  on  stimulating  the  central  end  of  the 
sciatic  nerve  of  the  other  leg  in  a  dog,  whose  spinal  cord  had  been 
divided  at  the  last  dorsal  vertebra.  This  dilatation  of  the  vessels 
was  here  also  undoubtedly  reflex,  as  is  shown  by  the  author. 

Stimulation  by  suspension  of  the  respiration  increases  the  tem- 
perature of  the  skin  (Heidenhain) ;  but  blood-vessels  whose  nerves 
are  divided  are  not  so  affected.  If,  however,  the  peripheral  centra 
have  been   exhausted,   the  increase   of  pressure  pixniuced  by   sua- 
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pennon  of  tho  tespirfttioii  caiuM  dilatation,  Imt  not  on  veBsetg  viih 
aetiTe  motor  apparatoa  The  inhibitorj  nerves  may  also  be  ezcitad 
by  nicotine  and  bj  pbjncal  stimnlL 

On  the  cc/wr9%  of  ihe  Va$o-motar  Nerves  from  the  Central  Organm 
to  ik$  Sciatic  Nerve$. — ^The  author  confirms  the  opinion  of  Claude 
Bernard,  that  the  raso-motor  nerves  avoid  the  paths  from  which  the 
sciatic  nerve  receives  its  motor  and  sensorj  fibres  (sacral  plexus) 
and  rise   higher  np,  reaching  the  sciatic  through  the  sympathetic. 
Both  the  vaso-motor  and  the  inhibitory  nerves  reach  the  sciatic 
through  the  abdominal  sympathetic.     (1)  Section  of  the  sacral  roots 
and  their  stimulation,  have  both  no  appreciable  direct  influence  on 
the  temperature  of  the  hind  feet.     (2)  Section  of  the  sympathetic^ 
on  tbtf  contrary,  at  the  level  of  the  bifurcation  of  the  aorta  increases 
the  temperature  permanently.     (3)  Tetanic   stimulation  diminishes 
it.      (4)    Under  £AVOurable  circumstances    rhythmical    stimulation 
causes  an  increase.     (5)  Sensory  stimulation,  injection  of  nicotine, 
suspension  of  the  respiration,  produce  an  increase  of  temperature 
in  the  hind  foot»  even  after  section  of  the  sacral  roots,  and  this  to 
the  same  extent  as  in  the  normal  condition,  but  no  longer  after 
section  of  the  abdominal  sympathetic  (as  low  down  as  possible)  even 
when  the  sacral  roots  are  intact.     The  vaso-motor  nerves  supplied 
to  the  sympathetic  are  derived  not  only  from  the  lumbar,  but  also 
from  the  dorsal  region,  though  how  far  up  the  author  has  not  tested. 

Eye. 

On  thv  Hydrauuo  Moysxknts  of  the  Iris,  and  on  the  action 
OF  BOMB  SUBSTANCES  ON  THE  PuPiL. — A.  Mosso  (Accodemia  di  Ifedi- 
eina  di  Torino^  1875)  regards  as  hydraulic  movements  those  move- 
ments of  the  iris  which  are  dependent  on  filling  and  emptying  the 
vessels  of  this  structure.  The  results  of  his  experiments  coincide 
with  those  of  Qriinhagen.  If  a  half  per  cent,  solution  of  common 
salt,  serum,  or  defibrinated  blood  is  injected  under  a  high  pressiue 
through  the  carotids  into  the  head  of  a  rabbit  two  days  after  death, 
a  change  in  the  pupil  occurs.  The  pupil  shortly  after  death  can  be 
dilated  by  the  introduction  of  a  solution  of  atropine,  and  the  con- 
dition can  be  preserved  by  taking  special  precautions. 

The  hydraulic  movements  depend  upon  the  arrangement  of  the 
vessels  of  the  iris.  L6ber  had  idready  shown  how  the  arteries  of 
the  iris  collectively  arise  from  the  large  corona  iridis,  and  run  in 
a  radial  direction  towards  the  margin  of  the  pnpiL  Most  of  them 
bend  round  in  an  arched  manner  to  terminate  in  the  origin  of  the 
veins.  In  order  to  explain  the  mechamsm  of  the  hydraulic  move- 
ments from  the  arrangement  d  the  vessels  oi  the  iria^  Mosso 
prepared  an  artificial  iris  from  a  thin-walled  caoutchouc  tube,  which 
was  arranged  upon  a  plate  of  cork.  The  convolutions  of  this  tube 
ran  here  and  there  between  two  concentric  circles.  On  the  outer 
circle,  which  oorresponded  to  the  laige  corona  iridis,  they  were 
fixed  with  needles,  and  at  the  margin  of  the  pupil  they  were  left 
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fiea  With  this  anangeinent^  it  can  be  shown  that  filling  of  tho 
voael  eorresponds  with  a  diminntion  of  the  pupil,  and  with  every 
eaiptying  oi  the  tabe  the  artificial  papii  dilates.  In  this  way 
Mono  explains  many  movements  of  the  iris,  which  were  formerly 
immfficiently  ecplained  by  the  action  of  muscles  and  nerves. 

£very  dilatation  <^  the  vessel  produces  myosiB,  whilst  its  con- 
tEaeti<»i  is  followed  by  mydriasis.  These  results  the  author  can 
eonfirm  on  man  by  means  of  his  plethysmograph.  Mosso  had 
fotmerly  found  that  every  deep  inspiration  is  followed  by  a  oon< 
traetion  <^  all  the  vessels.  If  through  a  small  hole  made  in  a 
visitui^  card  by  means  of  a  needle,  one  looks  at  a  white  wall,  the 
movements  of  one's  own  iris  may  be  observed.  By  this  simple 
method  the  author  observed  on  himself  how  every  deep  inspiration 
and  every  contraction  of  the  vessels  was  connected  with  a  dilatation 
of  the  pnpLL 

The  myosis  depends  sometimes  only  on  paralysis  of  the  vessels, 
and  it  Is  a  constant  phenomenon  in  the  action  of  substances  such 
as  chloroform,  ether,  chloral,  morphia,  etc.,  which  dilate  vessels  and 
produce  sleep.  Conversely,  mydriasis  occurs  every  time  when, 
either  by  poisons  or  through  other  conditions,  the  vessels  contract 

Lastly,  the  author  has  found  that  when  the  pupil  has  reached 
the  naaximum  of  dilatation  by  electrical  stimulation  of  the  sympa- 
thetic in  the  neck,  electrical  stimulation  of  the  oculo-motorius  within 
the  cranium,  or  an  intense  light,  can  contract  the  pupil,  without, 
however,  producing  the  minimum  of  oontraction.  Conversely,  when 
by  action  of  light  the  pupil  has  been  almost  caused  to  disappear,  it 
can  be  slightly  dilated  by  stimulation  of  the  sympathetic,  without, 
however,  attaining  its  maximum. 

Von  Platxv  abd  Pflugxb  on  thb  Influknck  of  ths  Ete  ok  thb 
Metaxobphosis  of  Tissue. — O.  von  Platen  and  II  Pfluger  (PJhiger*$ 
ArehiVy  Band  xi.  p.  272,  and  CentralblaU  fUr  die  Medtcinuehen 
Wiamneehqftenf  No.  8,  1876)  are  of  opinion  that  that  condition  of  the 
brain  which  we  term  '  waiting '  is  partly  at  least  kept  up  by  a 
summation  of  sensory  stimuli ;  that  further  the  waking  condition 
of  the  brain  causes  a  continual  stimulation  of  almost  all  the  centri- 
fugal nerves,  t.  e.  an  increase  in  metamorphosis  of  tissue.  A  series 
of  facts  may  be  cited  in  support  of  tills  view— >the  rapid  increase 
of  the  temperature  of  hybemating  animals  when  they  have  been 
wakened  by  strong  stimuli;  the  diminution  in  the  production  of 
carbonic  acid  during  sleep,  and  also  by  the  action  of  curara; 
lastly,  the  storing  up  of  energy  during  sleep  which  cannot  be 
attained  so  rapidly  by  simple  rest.  From  this  point  of  view  it 
appears  probable,  that  by  removing  all  stimuli  from  the  retina  it 
ought  to  be  possible  to  obtain  a  considerable  diminution  in  the 
production  of  carbonic  acid.  The  experiments  of  Moleschott  on 
this  subject,  as  the  authors  show,  are  not  sufficient  proof,  because 
the  greatest  insensibility  of  the  retina  was  not  produced ;  and  the 
same  is  true  of  an  experiment  by  Pott. 

The  experiments  of  von  Platen  were  made  ^ith  Rohrig-Zuntz's 
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respiration  apparatus  on  rabbits,  in  which  tracheotomy  had  been 
peiformed.  The  rabbits  respired  pure  oxygen,  the  amount  con- 
sumed being  read  off  directly.  The  carbonic  acid  was  absorbed  by 
caustic  potash,  and  after  aciduhition  with  sulphuric  or  phosphoric 
acid  was  pumped  out  and  measured.  To  exclude  the  light  from 
the  retina,  rings  of  wood,  in  which  was  placed  a  piece  of  glass, 
were  fixed  in  front  of  the  eye.  By  means  of  a  lid  the  light  could 
be  excluded.  Each  period,  '  clear  or  dark,'  lasted  about  twenty  or 
thirty  minutes.  The  periods  alternated  several  times,  and  com- 
menced sometimes  with  the  one,  sometimes  with  the  other.  Apart 
from  a  few  Tariations,  the  oxygen  absorbed  and  the  carbonic  acid 
given  off  were  greater  in  the  light  than  in  the  dark.  Of  eight 
animals,  in  one  minute  the  mean  was : — 

In  Darkness.  In  Light. 

Cubic  Centimetres.  Cubic  Centimetres. 

Oxygen  taken  in      .     .     .  120465  140665  =  100  :  116 

Carbonic  acid  given  off     .     85-635  97-96  =  100  :  114 


Blood  and  Blood-vascular  System, 

On  some  Yabiations  presented  by  the  Total  Amoukt  of 
THE  Blood. — Malassez  (ArcMves  de  Physiologist  1875,  p.  261,  and 
CerUralblaU  fur  die  Medicinischen  Wissenschajfien,  Na  11,  1876) 
has  continued  his  researches  on  this  subject  in  Eanvier^s  kboratory. 
By  the  term  'blood-corpuscle  capacity'  (capaeiH  glohvlaire\  the 
author  expresses  the  quotient  obtained  by  dividing  the  absolute 
number  of  blood-corpuscles  by  the  weight  of  the  animal  expreased 
in  grammes.  A  rabbit  weighing  2,450  grammes  has  919,450 
millions  of  blood-ooi-pusdes,  and,  according  to  the  above,  a  blood- 
corpuscle  capacity  of  373  millions. 

By  the  term  'richness  in  corpuscle'  (ridiesse  globiUaire)^  the 
author  means  the  number  of  blood-corpuscles  contained  in  a  single 
cubic  millimetre  of  blood.  Following  these  two  data  throughout 
the  animal  series,  it  is  shown  that  the  capacUe  globtdaire  is  greatest 
in  the  mammalia  (rat  630  miUions,  rabbit  373  millions).  It  is 
generally  less  in  birds  than  in  mammals.  It  is  very  considerably 
diminished  in  the  osseous  fishes,  mot*e  so  in  the  cartilaginous  species 
and  the  amphibians  (torpedo  two  to  six  millions,  frog  seventeen 
millions,  proteus  two  millions,  axolotl  one  to  four  millions).  The 
richesse  globtdaire  also  diminishes  in  the  animal  kingdom  in  the 
same  direction  as  the  capacite  globtUairSy  but  the  two  curves  do  not 
run  parallel,  inasmuch  as  the  latter  sinks  more  rapidly  than  the 
former.  By  the  small  decrease  of  the  capacity  globtdaire  the  greater 
diminution  of  the  richesse  globtdaire  is  counterbalanced,  and  in  a 
certain  sense  compensated  for. 

While  in  the  lower  animals  both  the  eapacile  and  richesse 
globtdaire  are  less,  the  dimensions  of  the  blood-corpuscles  are  much 
greater.  One  might  assume  that  the  smaller  number  was  thereby 
compensated.     According  to  the  author,  this  is  not  sa     Under  all 
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erouDstanoeB  the  lover  animals  are  at  a  disadvantage,  and  have 
a  smaller  quantity  of  blood  than  animals  higher  in  the  scale. 

The  author  has  made  extended  observationB  on  the  inflaenoe  of 
age  on  the  number  of  blood-corpuscles  in  the  rabbit,  rat,  guinea-pig, 
dog,  cat^  chick,  and  firog  larvae.  In  maramaliay  both  eapaeite  and 
riekesae  globulaire  rise  after  birth  and  reach  their  highest  point  in 
tike  third  or  fourth  week  of  life ;  they  then  begin  to  fall,  and  sink 
below  the  point  at  which  thej  started.  In  adult  animals  both  seem 
to  riae  again  considerably.  In  the  chick  the  eapctcUe  globulaire 
scarcely  Taiies  during  the  whole  time  of  incubation ;  after  birth  it 
nnks  pronoancedly ;  it  rises  again  in  the  adult,  wiUiout,  however, 
sgsin  reaching  the  height  it  attained  during  the  embryonal  con- 
dition. 

Investigations  on  animals  under  different  hygienic  conditions, 
^g-  Btarvadon,  feeding,  etc.,  gave  as  the  geneml  result  that  the 
capacity  globulaire  always  diminiBhed  when  the  hygienic  conditions 
were  not  so  good,  or  when  the  general  condition  of  the  animal  was 
in  any  way  deteriorated.  A  case  of  transfusion,  in  which  Malaasez 
ascertained  the  eapacUS  and  richene  globulaire  both  of  the  person 
who  gave  the  blood,  and  the  one  into  whom  it  was  transfused,  is 
employed  by  the  author  to  calculate  the  quantity  of  blood  in  both 
persona.  For  the  one  who  received  the  blood,  the  quantity  of 
blood  was  one-seventieth  of  the  body  weight;  for  the  other  one- 
ninth,  which  nunbers  agree  exactly  with  those  of  Lehmann,  Weber, 
Welcker,  and  Bisohoff. 

Oir  THE  Blood-cubiubnt  in  the  Corovabt  Abtbrt  of  the 
Heabt. — F.  Klug  (CerUralblaU  fur  die  AfedicinMchen  Wistenacha/teny 
No.  8,  1876)  cites  an  experiment  to  prove  the  truth  of  a  remark  of 
Briicke^By  '  That  the  capillaries  during  the  contraction  of  the  cardiac 
niusdeB  are  so  compressed  that  they  are  caused  to  disappear.' 

The  hearts  of  two  frogs  were  exposed;  the  one  was  ligatured 
during  the  systole,  the  other  during  the  diastole.  The  hearts  were 
then  excised,  and  placed  in  dilute  sulphuric  acid,  in  order  to  cause 
coagulation  of  the  blood.  The  muscles  of  the  heart  stopped  during 
diastole  were  rich  in  blood,  whilst  those  of  the  one  ligatured  during  its 
systole  showed  only  traces  of  blood  in  their  outer  layers.  The  same 
experiment  was  repeated  on  a  rabbit  with  the  same  results. 

On  the  Relation  op  the  Coagulation  of  Fibrin  to  the 
Corpuscles  of  the  Blood. — ^Alex.  Schmidt  (FftiigeT^e  Arehiv,  Vol. 
XL,  and  CeniralblaU,  No.  11,  1876),  in  the  first  part  of  his  communi- 
cation discusses  the  cause  oi  the  coagulation  of  the  fibrin  of  the 
blood.  The  artificial  formation  of  fibrin  from  its  factors,  fibrinogen 
and  fibrinoplastLn  (and  the  fibrin  ferment,  which,  as  a  rule,  adheres 
to  the  fibrinoplastin),  only  succeeds  when  one  of  the  two  factors  is 
employed  in  its  natural  solution,  but  the  result  does  not  take  place 
when  both  substances  are  mixed  with  each  other  in  a  weak  solution 
of  caustic  soda.  This  observation  forms  the  basis  of  the  new  experi- 
ments of  the  anthor.     In   the  course  of  his  observations  Schmidt 
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found  that  the  presenoe  of  nentnil  salts  is  necessary  for  the  foimatian 
of  fibrin,  just  as  for  the  ooagubktion  of  albomen  at  a  high  temperatnre. . 
If  the  8<^uble  salts  are  removed  bj  dialysis  from  the  fluids  vhich, 
when  mixed,  yield  fibrin,  and  if  the  precipitates  (fibrin>forming  sub- 
stances) thereby  deposited  are  bronght  into  solution  by  a  minimnm 
addition  of  caustic  soda,  and  the  two  fluids  be  now  mixed,  no  forma- 
tion of  fibrin  occurs.  If,  however,  some  of  the  diflusate,  conoentnited 
by  evaporation,  is  added,  fibrin  is  excreted.  The  same  efiect  is 
produced  by  adding  a  solution  of  common  salt  to  the  extent  that  the 
fluid  contains  0*8  to  1  per  cent.  For  the  formation  of  fibrin,  there- 
fore, a  certain  relative  proportion  of  salts  is  necessary,  and  hence  the 
reason  why  fluids  obtained  from  the  body  after  dilution  with  water 
yield  less  fibrin.  Pericardial  fiuid  yielded  0*132  per  cent  of  fibrin ; 
diluted  with  an  equal  volume  of  water  only  0*083  per  cent ;  plasma 
of  horse's  blood  yielded  0*726  per  cent. ;  diluted  with  one-third  its 
volume  of  water,  0*689 ;  and  with  an  equal  bulk  of  water,  0*617  per 
cent.  If  plasma  is  diluted  with  ten  to  twelve  volumes  of  water,  only 
a  very  inconsiderable  excretion  of  fibrin  takes  place,  and  that  very 
slowly.  If,  on  the  contrary,  Na  CI  is  added  till  the  fluid  contains  one 
per  cent,  of  the  salt,  the  normal  amount  of  fibrin  is  obtained.  Some 
other  salts,  as  is  known,  have  the  same  action.  Thus,  by  the  addition 
of  one  part  of  a  twenty-five  per  cent,  solution  of  sulphate  of  mag- 
nesia to  three  or  four  parts  of  blood,  coagulation  may  be  entirely 
prevented,  while  a  solution  of  common  salt  partly  counteracts  thu 
effect.  By  dialysis  of  fluids  which  yield  fibrin,  the  active  substances 
are  completely  excreted  in  an  insoluble  form,  so  that  the  filtered  fluids, 
on  the  addition  of  Na  Gl,  yield  no  fibrin,  but  the  part  remaining  on 
the  filter  dissolved  in  weak  caustic  soda  does. 

The  author  then  discusses  the  question  how  solutions  are  to  be 
prepared  which  contain  only  one  of  the  three  fJEictors  necessary  for 
the  formation  of  fibrin. 

1.  The  Fibrin  Ferment — ^The  method  originally  indicated  by 
the  author  requires  correction  in  one  point, — ^the  alcohol  must  act 
for  a  very  long  time,  three  or  four  months,  upon  the  albuminous 
coagulum.  If  this  is  not  done,  the  solution  of  the  ferment  also 
contains  fibrinoplastio  substance,  so  that  it  can  cause  coagidation  in 
solutions  which  contain  fibrinogen  alone. ' 

2.  Fibrinogen, — ^Fluids  which  contain  this  substance  are  much 
more  numerous,  such  as  the  pericardial  fluid  of  the  horse,  and  hydro- 
cele fluid. 

3.  The  FibrinopUuHn  is  beet  prepared  from  egg-albumen,  which 
very  rarely  contains  any  trace  of  ferment  If  the  salts  are  removed 
by  rapid  <Ualysis,  the  fibrinoplastin  is  excreted  in  the  insoluble  form ; 
it  is  tiien  washed  in  water  and  employed  either  solid  or  in  solution. 

After  having  prepared  these  three  substances,  one  may  convince 
himself  of  the  necessity  of  all  three  for  the  production  of  coagulation. 
Coagulation  occurs  with  a  neutral,  feebly  alkaline,  and  feebly  acid 
reaction ;  a  distinct  acid  reaction  prevents  it  entirely.  The  quantity 
of  fibrin  obtained  depends  on  the  temperature.  The  physical  condi- 
tion of  the  fibrin  depends  upon  the  rapidity  of  its  excretion.     If  this 
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oocnrs  very  slowly,  the  coagnlnm  is  rery  loom,  breaks  np  easily,  and 

18  generally  Te-dissolved  in  the  conrae  of  twenty-four  hoars,  so  that  it 

entirely  disappeara  from  view.    In  another  section  the  author  treats 

of  the  dependence  of  the  quantity  of  fibrin  on  the  quantity  of  the 

fibrinoplastic  substance  added.     To  equal  quantities  of  transudations 

or  blood-plasma — ^when  necessary  previously  deprived  by  filtration  at 

0^  of  colourless  corpuscles — ^varying  quantities  of  pure  precipitated 

fibrinoplastin,  either  in  the  solid  form  or  dissolved  in  soda,  were 

added,  and  the  fibrin  formed  was,  after  twenty-four  hours,  separated 

by  filtration,   washed  with  water,   alcohol,   and  ether,   dried   and 

weighed.     In  the  later  experiments,  in  order  to  hasten  coagulation, 

a  small   quantity  of  dissolved  amorphous  haemoglobin  was  added. 

It  is  shown  that  up  to  a  certain  limit  the  quantity  of  fibrin  increases 

with  the  amount  of  fibrinoplastin  added,  but  not  in  direct  proportion 

thereto.     If  too  much  fibrinoplastin  is  added,  coagulation  is  very 

imperfect.     Experiment  11. ,  hydrodele  fluid  free  from  fibrinoplastin, 

niay  serve  as  an  example : 

Fibrinoplastin  Fibrin 

added  (f.)  obtained  (F.)  F.  f . 

1.  0-463  0087  019 

2.  0-924  0098  Oil 

3.  1-386  0106  008 

4.  1-848  0-116  006 

The  addition  of  hiemoglobin  accelerates  the  excretion  of  fibrin, 
but  does  not  increase  the  amount  excreted.  Solutions  of  fibrin  fer- 
ment  injected  into  the  jugular  vein  of  the  living  animal  do  not 
produce  coagulation,  notwithstanding  that  the  blood  at  first  contained 
a  considerable  amount  of  the  fibrin  ferment,  which  had  not  entirely 
disappeared  after  twenty-four  hours.  It  is  therefore  shown  that  tho 
living  organism  gradually  destroys  the  fibrin  ferment,  and  panilyses 
its  action  in  some  way  as  lotig  as  it  exists.  The  author  then  replies 
to  Eichwald,  Qorup-Besanex,  and  Heynsius,  for  which  we  must  refer 
to  the  original. 

Ok  the  Relation  of  the  Coagulation  op  Fibrin  to  the 
Colourless  Elements  of  The  Blood. — A  paper  on  this  subject,  by 
Alexander  Schmidt,  is  contained  in  PflUger'a  Arc/dv,  Vol.  xi.  p.  515, 
and  CerUralblaUy  No.  25,  1876. 

I.  On  the  Origin  of  ilie  Fibrin  Ferment — It  can  be  easily  shown 
that  the  coloured  corpuscles  have  nothing  whatever  to  do  with  tho 
fibrin  ferment.  1.  There  are  fiuids  which  though  containing  no 
coloured  corpuscles  coagulate  after  removal  from  the  body :  from  tho 
serum,  by  precipitation  by  alcohol,  a  solution  of  the  ferment  may  be 
prepared.  2.  Plasma  of  horse's  blood  poured  off  from  the  red  blood- 
eorpuscles  which  had  been  allowed  to  subside  contained  at  the  moment 
of  their  separation  from  the  blood-corpuscles  only  traces  of  the  ferment. 
Nevertheless  it  coagulated  at  the  ordinary  temperature  and  produced 
senim  containing  a  ferment.  3.  If  for  the  prepamtion  of  the  fibrin 
ferment,  defibrinated  horse's  blood  is  employed  in   which  the  cor- 
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puscles  have  been  allowed  to  subeide,  solutions  of  less  potency  are 
obtained  from  the  lower  layers  consisting  almost  entirely  of  blood- 
corpuscles  than  from  the  upper.  In  non-<lefibrinated  blood  from  the 
lower  layers  consisting  of  blood-corpuscles  no  active  solution  of  the 
ferment  can  be  obtained.  The  source  of  the  fibrin  ferment  is  the 
colourless  blood-coi*puscles ;  it  arises  from  these  after  removal  of  the 
blood  from  the  body,  and  then  passes  into  the  fluid.  The  proof  of 
this  is  shown  by  filtration  of  the  plasma.  If  the  blood  of  a  horse  is 
caught  in  a  glass  vessel,  placed  in  ice,  and  the  blood-corpuscles 
allowed  to  subside,  then  when  the  temperature  has  fallen  to  0^  C,  and 
the  plasma  filtered  through  several  sheets  of  filtering  paper  into  a 
vessel  at  O^'  C,  a  perfectly  clear,  generally  somewhat  red-coloured 
filtrate  quite  free  from  blood-corpuscles,  and  only  showing  the  slightest 
tendency  to  the  formation  of  fibrin,  is  obtained.  If  a  portion  of  filtered 
and  of  non-filtered  plasma  are  exposed  at  the  ordinary  temperature 
of  the  room,  the  former  coagulates  much  later  than  the  latter  and  the 
coagulation  does  not  end  for  a  very  long  time.  ^  Complete  absence  of 
coagulation  is  therefore  not  to  be  expected,  because  the  blood-cor- 
puscles begin  to  form  the  ferment  at  once  after  their  removal  from 
the  body,  and  this  process  cannot  be  instantaneously  prevented  by 
cooling.  When  the  filtered  fluid  is  allowed  to  stand,  the  amount  of 
the  fibrin  remains  unchanged,  whibt  that  of  the  non-filtered  fluid 
continually  increases.  This  difference  between  filtered  and  non- 
filtered  plasma  can  be  tolerably  completely  prevented  if  the  plasma  is 
warmed  to  10"*  or  20^  for  several  minutes  before  filtration,  and  then 
cooled.  The  residue  extracted  with  water  is  dissolved  in  weak 
alkaline  fluid,  and  consists  of  a  weak  opalescent  solution  of  fibrino- 
plastic  substance  containing  only  traces  of  ferment.  Corresponding 
to  these  observations,  transudations  which  appear  to  be  turbid  through 
the  presence  of  colourless  elements  regularly  coagulate ;  whilst  per- 
fectly clear  transudations  show  no  tendency  to  spontaneous  coagula- 
tion,  which^  however,  occurs  on  the  addition  of  the  ferment.  The 
dependence  of  coagulation  on  the  colourless  corpuscles  can  also  be 
shown  by  adding  various  quantities  of  suspended  colourless  corpuscles 
to  the  plasma ;  that  portion  to  which  the  largest  number  of  corpuscles 
has  been  added  coagulates  much  more  rapidly  than  the  others.  If 
two  portions  of  the  same  plasma  are  taken,  and  one  of  these  is  left  to 
itself,  whilst  the  blood-corpuscles  in  the  other  are  regularly  distri- 
buted by  repeated  stirring,  then  the  subsided  layer  coagulates  first  in 
the  first  quantity,  then  the  second  quantity,  and  lastly,  though  much 
later,  the  fluid  standing  above  the  coagulum.  This  experiment  shows 
that  the  impulse  to  coagulation  does  in  fact  proceed  from  the  lymph- 
corpuscles.  The  action  of  non-crystallised  hemoglobin  in  acceler- 
ating coagulation  occurs  more  pronouncedly  the  smaller  the  amount  of 
ferment  in  solution,  and  the  slower  it  coagulates  without  the  addition 
of  hemoglobin.  Solutions  of  crystallised  hemoglobin  do  not  produce 
any  accelerating  effect. 

II.      On  the  Origin  of  FihrinopiasHc  Sttbatanee. — If  plasma  is 
filtered  and  the  residue  extracted  with  water  and  then  treated  with 
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slightly  alkaline  water,  a  filtrate  ia  obtained  which  contaioH  a  oomd- 
derable  amount  of  fibrinoplastic  substance  in  solution.     The  residue 
on  the  filter  consists  onlj  of  colourless  blood-corpuscles,  from  which 
by-  solution  fibrinoplastic  substance  has  exuded.     The  objection  that 
the  filter  residue  contains  fibrinoplastic  substance,  which  has  no  con- 
nection with  the  colourless  corpuscles,  and  is  excreted  in  consequence 
of  the  cooling,  is  refuted  by  the  fiict  that  filtered  plasma  is  able  to 
disBolye  fibrinoplastic  substances  added  to  it     Fine  granules  are 
excreted  from  the  plasma.     These  do  not  oonsLst  of  fibrinoplastic 
substance,  but  are  the  remains  of  disintegrated  colourless  corpuscles 
which  are  constantly  mixed  with  the  fibrin,  and  at  the  first  are  easily 
reeogniaed  as  such,  but  in  the  later  stages  of  coagulation  disappear 
more  and  more.     The  decomposition  products  of  the  colourless  cor- 
puscles incresse  the  weight  of  the  fibrin.     This  fieust  can  be  proved  by 
estimating  the  amount  of  fibrin  in  the  filtered  plasma.     A  filtrate 
completely  free  from  fibrinoplastic  substance  is  never  obtained,  be- 
cause the  disint^pration   of  blood-corpuscles  can  never  be  entirely 
avoided.     Nevertheless  the  author  obtained  from  filtered  plasma  only 
0-35 — 0"45  per  cent,  against  0*5 — 0*7  fit)m  the  non-filtered  : — ^the 
amount  of  fibrin  obtained  from  the  filtered  plasma  when  a  solution  of 
fibrinoplastic  substance  is  prepared  from  the  colourless  elements  and 
added  to  the  filtered  plasma.     The  difference  in  the  quantity  of  the 
fibrin  produced  becomes  much  greater  when  the  plasma  before  filtra- 
tion is  treated  with  twelve  to  fifteen  times  its  vohime  of  water.     In 
this  case  also  by  the  addition  of  fibrinoplastic  substance  the  amount 
of  fibrin  is  again  increased.    Plasma  diluted  with  ten  to  fifteen  times 
its  volume  of  water  remains  fluid  for  an  unlimited  time  at  0"  0.    The 
colourless  corpuscles  sink  rapidly,  so  that  the  supernatant  fluid  can 
be  poured  off  afler  twenty-four  hours,  and  the  blood-corpuscles  can  be 
punfied  by  washing  with  cold  water.     If  after  washing  they  are 
mixed  with  a  solution  of  fibrinogen,  or  better,  if  fibrinoplastic  sub- 
stance precipitated  by  carbonic  acid  or  acetic  acid  and  suspended  in 
water  is  added  to  the  fibrinogen  fluid,  theie  results  an  exceedingly 
slow  coagulation,  because  only  traces  of  ferment  are  present. 

We  have  now  to  ask  whether  the  colourless  corpuscles  also  con- 
tain fibrinogen.  This  question  is  to  be  answered  in  the  negative  for 
mammalian  blood ;  for  if  the  washed  corpuscles  are  dissolved  in  weak 
alkali  and  fibrin  ferment  be  added,  coagulation  never  occurs.  On  the 
contrary,  the  solution  obtained  from  the  corpuscles  of  the  blood  of 
birds  and  of  amphibians  always  exhibits  a  spontaneous  coagulation. 
The  fibrin  of  the  blood  of  amphibians  is  characterised  by  its  greater 
solubility  in  alkalies  and  acetic  acid,  but  becomes,  however,  less 
soluble  by  washing  with  water.  Frogs'  blood  coagulates  veiy  rapidly, 
but  again  becomes  fluid  in  the  coui^se  of  forty-six  hours  by  the  fibrin 
dissolving  in  the  alkaline  serum.  If  the  blood-corpuscles  are  allowed 
to  subside  in  the  defibrinated  blood,  and  the  serum  poured  off,  by  the 
addition  of  water  and  the  solution  of  the  blood-corpuscles,  a  new 
coagulum  forms,  which  again  becomes  dissolved  in  several  hours. 
The  blood-corpuscles,  therefore,  of  the  frog  undoubtedly  contain 
fibrinogen ;  and  also  those  of  the  bird.     Whether  this  proceeds  from 
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the  oolourless  or  the  coloured  corpuscles  is  doubtful.  The  assumption 
that  similar  conditions  are  true  for  the  coloured  corpuscles  of  mam- 
malian blood  can  at  present  be  neither  refuted  nor  proved* 

Lymph. 

On  the  Influence  of  Oubara  on  the  Quantity  of  Lymph, 
AND  THE  Emigration  of  the  Ck>L0URLE8s  Corpuscles  of  thb 
Blood. — J.  Tarchanoff  (Archivea  de  Physiologiey  November,  1875, 
p.  33)  combats  the  assertion  of  Drozdoff  that  curara  dissolves  the 
colourless  corpuscles  of  frogs.  Of  four  sorts  of  curara  which  Tarchanoff 
added  in  a  concentrated  solution  to  the  colourless  corpuscles  sus- 
pended in  frog's  serum,  two  produced  after  a  long  time  a  solution  of 
the  colourless  corpuscles;  several,  however,  showed  that  the  free 
granules  remained  completely  undissolved.  Whether  this  phenomenon 
depends  upon  accidental  impurities  in  the  curara,  the  author  leaves 
undecided;  the  two  other  portions  of  the  poison  were  completely 
inactive.  If  curara  was  injected  subcut^eouslj  into  a  frog,  a  pretty 
large  dose  being  given,  but  ^ot  suQcient  to  paralyse  the  heart,  the 
number  of  colourless  corpuscles  diminished  and  that  of  the  coloured 
increased  ;  the  number  of  the  former  (from  a  series  of  experiments  con- 
ducted after  the  method  of  Malass^)  contained  i^  a  cubic  centimetre 
of  blood  fell  to  about  half  of  the  normal ;  the  latter  rose  to  double. 
After  the  return  of  mobility,  t.  e.  after  four  or  ^y^  days,  the  normal 
condition  returned.  As  the  cause  of  this  condition  of  the  blood  is  to 
be  regarded  a  very  great  increase  of  lymph,  very  rich  in  colourless 
corpuscles,  and  which  coagulated  yqtj  rapidly,  not  only  in  the  dorsal 
lymph  sac,  but  also  in  other  lymph  sacs  of  the  body.  Specially  well 
filled  was  the  sac  underneath  the  tongue,  [This  pronounced  filling 
of  the  lymph  sac  was  known  to  Bidder,  who  referred  it  to  pai^ysis 
of  the  lymph-hearts.] 

The  author,  in  confirmation  of  sevei*al  papers  emanating  from 
Ludwig's  laboi'atory,  assumes  an  increased  transudation  from  the 
blood-vessels  of  curarised  animals.  A  lively  emigration  of  colourless 
elements  was  directly  observed  in  the  tongue  and  mesentery  of  cura- 
rised frogs.  This  also  occurred  when  the  cerebro-spinal  axis  was 
carefully  destroyed  without  haemorrhage.  In  both  cases  the  author 
assumes  as  the  cause  of  emigration  an  increased  transudation  and 
increased  lateral  pressure  in  the  small  arteries  in  consequence  of  the 
extinction  of  the  tonus.  As  long  as  the  paralysis  continued  the  blood 
became  poorer  in  serum  and  white  elements.  With  cessation  of  the 
paralysis  the  pronounced  diminution  stopped ;  the  lyinph  sac  emptied 
itself  again,  and  the  normal  condition  of  affairs  was  soon  restored. 
This  emptying  could  also  be  produced  by  electrical  stifpulation  during 
the  period  of  paralysis. 

In  conclusion,  the  author  malices  some  objections  to  Cohnheim*s 
doctrine  of  suppuration.  The  condition  of  curarised  frogs  proves  that 
enormous  outwandering  of  colourless  corp.iiscles  can  tidke  place,  and 
is  not  to  be  identified  with  suppuration.  In  addition,  the  author  has 
convinced  himself,  like  L(alasse;^  that  with  continued  suppuration, 
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tfie  onmber  of  white  blood-<x>rpii8cle8  does  not  dtminisb,  but  rather 

increases.     Further,  Ranvier  has  Litely  observed  the  direct  division 

oi  wJiite  blood-coriKiscles. 

Lastly^  the  author  cites  some  results  upon  the  distribution  of 

conLra  in  the  tissue  juioes  and  upon  its  excretion.  For  testing  its 
presence  he  employed  the  physiological  method.  The  blood  of  large 
strong  curarised  frogs  never  showed,  when  it  was  injected  into  the 
lymph  sac  of  small  frogs,  poisonous  properties.  Only  in  very  small 
animala  it  produced  a  slight  muscukr  weakness  which  rapidly  dis- 
appeared. The  bile  and  lymph  gave  negative  results ;  the  urine  on 
the  contrary  was  very  poisonous,  and  this  took  place  from  the  be- 
ginning of  the  curarisation,  and  during  the  entire  duration  of  the 
paralysia.  If  the  cloaca  was  occluded,  the  urine  stagnating  in  the 
bladder  lost  its  poisonous  properties.  Under  these  circumstances,  • 
therefore^,  the  cnrara  is  destroyed. 

BespirtUum. 

On  the  Relatioh  of  the  Excretion  of  Carbohio  Acid  to 
Change  in  the  Bodily  Temperature. — H.  Erler  (DiasertcUiony 
Kooigsberg,  1875,  and  CeniralblaU,  No.  13,  1876)  employed  for  the 
above  purpose  rabbits,  a  caoutchouc  cap  being  firmly  fixed  over  the 
nose.  The  respiration  was  kept  up  through  a  MUller's  valve,  and 
the  expired  air  passed  through  a  Geissler's  potash  apparatus.  The 
increase  in  weight  of  this  apparatus  at  the  end  t>f  the  expe- 
riment represented  the  amount  of  carbonic  acid  excreted.  In 
front  of  this  apparatus  there  was  placed  a  vessel  with  a  solution  of 
caustic  baryta,  in  order  to  absorb  any  carbonic  acid  which  might  not 
have  been  taken  up  by  the  potash.  In  some  cases,  where  the  difficulty 
of  respiration  appeared  too  great,  the  apparatus  was  connected  with 
an  aspirator. 

1.  Cof^Hmie  Acid  given  off"  when  the  Animal  waa  tied  dovon, — 
In  every  animal  the  amount  of  carbonic  acid  given  off  in  the  free 
condition  was  estimated  for  several  periods  of  ten  minutes  each,  then 
the  animal  was  tied  down,  and  the  amount  again  estimated  several 
times  at  the  same  intervals.  The  following  table  gives  the  mean  for 
the  carbonic  acid  given  off: 

Carbonio  Add  in  ten  minutes. 


Jfroe. 

Tied  down. 

No.  1. 

.     0*050  grammes. 

0*042  grammes. 

?>    3. 

.     0074 

0*059 

„    3.     , 

.    0*045 

0-029 

„    4. 

.    0-050 

0031        „ 

„    5. 

.     0-045 

0022 

The  weight  of  the  rabbits  varied  between  1  -020  and  1  -372  grammes. 
The  variations  in  the  values  are  pretty  considerable,  but  in  every  case 
the  carbonic  acid  given  off  diminishes  when  the  animal  is  tied  down, 
and  simultaneously  there  is  a  fall  in  the  temperature. 
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2.  Ccvrbonic  Acid  given  of  in  the  Faralyeed  Condition. — ^Thia  was 
produced  hy  diyidisg  the  spinal  cord.  The  temperatore  did  not  rise 
after  this  operation,  but  fell  without  exception,  and  that  continually^ 
as  has  been  observed  several  times  before.  In  three  experiments  the 
mean  values  were  the  following : 

Carbonio  Acid  in  ten  minutes. 


f ■     ■               ■  ■  ■  ^ 

KormaL  Paralysed. 

No.  1.     .     0*046  grammes.  0-008  grammes. 

„    2.     .     0-074        „  0-O17        „ 

„    3.     .     0-091        „  0016        „ 


3.  Carbonic  Acid  given  of  d*a/nng  Attificial  Cooling, — ^For  this 
purpose  the  animals' were  placed  in  a  dotlble-walled  ^c  box  filled 
with  ice.  The  body-temperatures  obtained  bj  this  means  are  in- 
dicated in  the  following  tables : 

Carbonio  Aeid  in  ten  mln. 


Lawest  Temperature 
of  body. 

Normal. 

Cooled. 

No. 

L    . 

.     32-34<» 

Cent. 

(90-32  Pahr.) 

0049  gr. 

0-024  gr. 

99 

2. 

.    32-7« 

99 

(90-86 

99         ) 

0039  „ 

0-014  „ 

99 

3. 

.     33-6<» 

99 

(92-48 

99         ) 

0-034  „ 

0-016  „ 

99 

4. 

.     34-4« 

99 

(93-92 

99         / 

0-061  „ 

0-028  „ 

99 

5. 

.     33-2« 

9» 

(91-76 

"         / 

0-039  „ 

0-016  „ 

4.  Increased  Body'Temperatv/re. — ^The  box  employed  for  these 
experiments,  instead  of  being  filled  with  ice,  was  filled  with  warm 
water.  The  quantity  of  carbonic  acid  given  ofiT  increased  when  the 
temperature  of  the  body  began  to  rise,  but  sank  again  as  soon  as  the 
animals  became  dyspnoeic,  which  generally  occurred  at  39 -4" C.  (102-92' 
Fahr.).  If  the  temperature  of  the  surroundings  is  very  high,  then 
the  dyspnoea  occurs  so  soon  that  no  inci-ease  of  the  carbonic  acid  is  to 
be  observed.  As  the  animals  for  this  experiment  must  be  tied  down 
the  carbonic  add  at  the  beginning  of  the  experiment  diminishes  some- 
what compared  with  the  normal. 

5.  Ca/rhonic  Acid  given  off  hy  diminution  of  the  Bodily  Ternpera- 
ture,  the  Skin  being  covered  toith  Varnish. — Here  also  the  excretion 
of  carbonic  acid  fell,  and  simultaneously  the  temperature.  The  mean 
value  of  carbonic  acid  excreted  in  all  the  experiments  was  in  the 
normal  state  0-033,  varnished  0-013  grammes.  The  temperature  was 
reduced  to  323*  0.  (90-1 4*>  Fahr.).  Thus  the  amount  of  carbonic  acid 
excreted  and  the  temperature  of  the  body  stand  in  direct  dependence 
one  on  the  other. 


Absorption, 

On  Absorption  from  the  Human  Diaphragm  under  Different 
Conditions. — A.  Hajewsky  {Virc/ioiv*s  Archiv,  Vol.  uuv.  p.  186) 
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removed  csrefnllj  the  human  diaphngm  and  stretched  it,  avoiding 
tension,  over  a  fnnnel,  or  laid  it  on  a  plate  and  covered  its  abdominal 
sar&ce  with  a  thin  layer  of  a  solutum  of  china  ink  in  salt  solution 
or  with  milk.  The  following  results  were  obtained : — 1.  The  human 
diaphragm  has  the  property  of  sucking  up  fluids  which  contain  sus- 
pended particleSy  just  as  is  the  case  with  the  diaphragm  of  the  rabbit, 
as  was  shown  by  von  Recklinghausen.  2.  The  human  diaphragm, 
when  it  has  been  changed  by  inflammatory  processes,  acquires  the 
property  of  permitting  fluids  brought  in  contact  with  it  to  pass  into 
its  channels.  3.  In  diaphragms  whidi  have  undergone  inflammation, 
by  the  smallest  pressure  there  may  be  obtained  an  injection  of  the 
'  saficanalchen  S3rBtem.'  This  system  is  connected  with  the  lymphatic 
capillaries,  and  does  not  consist  of  mere  spaces  or  slits,  but  of  special 
canals,  which  are  formed  in  the  loose  oonnectiTe  tissue.  4.  Removal 
of  the  epithelial  lining  of  the  serous  membrane,  either  naturally  (by 
inflammation)  or  artificially,  opens  new  channels  for  the  passage  of 
the  fluids,  viz.  the  '  saftcanalchen,'  which  begin  on  the  free  sur&ce  of 
the  serosa.  5.  From  the  serosa  only  small  lymphatic  stems  can  be 
followed  into  the  subserous  adipose  tissue,  where  they  become  united 
into  a  network  of  the  finest  lymphatic  capillaries,  in  each  of  whose 
meshes  is  placed  a  flit-cell.  The  experiments  were  made  in  the  labora- 
tory of  Pn>fessor  von  Recklinghausen,  of  Btrasburg. 

DigetAve  SpsUnk 

Gbijtznes   on   the   Formation  and  ExcRFnoN  of  Pepsin. — 
P.    Grdtzner  describes  some  new  investigations  on  the  formation 
and  excretion  of  pepsin  (Breslau,  1875,  Svo,  pp.  86,  and  CerUrcMcUt 
far  die  Medicin.  WiMenadio/teni  No.  62,  1875). 

L     On  the  esHmation  of  pepsin. — The  author  gives  more  exact 
details  regarding  his  colori-metric   method.     He  recommends  the 
filUng  of  a  series  of  equally  thick  test-glasses  with  solutions  of 
carmine  of  different  strength  for  comparison.     Carmine  is  dissolved 
in  ammonia  and  diluted  with  glycerine  untB  a  0*1  per  centw  solu- 
tion of  carmine  is  obtained.     Of  this  solution  of  carmine,  0*1  cubic 
centimetre  is  dissolved  in  19*9  cubic  centim^res  of  water,  0*2  in 
19 '8,  etc.,  up  to  1*0  cubic  centimHre  in  19  cubic  centimetres  of 
water.     One  can,  of  course,  only  regard  the  colour  of  the  fluid  by 
solution  of  the  coloured  fibrin  as  a  measure  for  the  quantity  of 
pepsin,  as  long  as  some  fibrin  remains  uncoloured.     The  differences 
of  several  fluids  containing  unequal  quantities  of  pepsin  become 
indistinct  when  the  action  lasts  for  a  veiy  long  time,  as  the  weak 
solution  of  pepsin  ultimately  dissolves  all  the  fibrin.     Then  there 
follows  a  critical  and  experimental  ttt^tment  of  the  question  whether 
pepsin  is  used  up  during  digestion.     The  experiments  of  the  author 
were  made  thus.     Relatively  large  quantities  of  HCl  and  pepsin 
were  treated  with  different  quantities  of  fibrin.     Large  quantities 
of  fibrin  constantly  required  longer  time  for  their  solution  than  when 
the  amount  was  small;  at  least,  this  is  true  of  not  too  concentrat"^ 
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solutions  of  pepsin.  In  other  experiments,  the  solutions  of  pepsin 
were  allowed  to  act  for  varying  periods  of  time  on  fibrin,  and  then 
the  amount  of  the  pepsin  in  the  fluid  was  estimated  by  the  colon- 
metric  method.  In  such  cases  the  amount  of  pepsin  was  smaller 
the  longer  the  action  of  the  fibrin  on  the  fluid  had  lasted.  It 
therefore  follows  that  pepsin  is  used  up  dwring  digestion, 

IL     The  quantiti/  of  pepsin  in  t/ie  stomach  under  different  phy- 
sioloffical  conditions, — Schiff  asserted  that  certain  substances,  e,g. 
dextrine,  on  being  introduced  into  the  stomach,  or  by  direct  intro- 
duction into  the  blood,  were  able  to  increase  extraordinarily  the 
quantity  of  pepsin  in  the  mucous  membrane  of  the  stomach,  to 
load  the  gastric  follicles  with  pepsin.     These  results  had  never  been 
confirmed.     The  author  ascribes  the  error  in  SchiflTs  results  to  this  : 
— ^that  Schiff  by  his  method  of  extracting  the  mucous  membrane 
with  small  quantities  of  slightly  acidulated  water  obtained  very 
varying  quantities  of  pepsin  in  solution.     The  quantity  of  pepsin 
obtained  under  these  conditions  does  not  bear  any  relation  to  the 
quantity  of  pepsin  actually  contained  in  the  mucosa ;  mucous  mem- 
braOles  poor  in  pepsin  appear  to  give  up  their  pepsin  easily.     In 
addition,  many  substances  when  introduced  into  the  blood  possess 
the  property  of  changing  the  mucous  membrane  of  the  stomach  so 
that  it  gives  up  its  pepsin  more  easily.     The  author  shows   that 
common  salt  possesses  this  property,  and  so  does  one  of  Schifl^s 
peptogenio  substances — viz.  dextrina     By  employing  the  method  of 
Schiff  one  obtains  results  similar  to  his;  still  the  conclusions  he 
drew  from  his  experiments  were  erroneous* 

On  the  quantity  qf  pepsin  under  different  physiologicai  conditions. 
—The  mucous  membrane   with  the  muscular   coat  removed   was 
washed  and  dried  on  blotting  paper.     On  drying,  the  submucous 
tissue  for  the  most  part  adheres  to  the  paper ;  the  dried  fragments 
were  powdered  and  preserved  in  an  exsiccator.     This  preparation 
was  extracted  with  glycerine  and  then  with  O'l  per  cent  of  hydro- 
chloric acid.     The  glycerine  extract  represents  the  free  pepsin,  the 
acid  one  the  fixed.     For  0*1  gramme  of  the  dried  mucous  membrane, 
8  cubic  centimetres  of  glycerine,  and  the  same  amount  of  hydro- 
chloric acid,  were  employed ;  extraction  with  glycerine  lasted  eight 
days,  that  with  hydrochloric  acid  twenty  hours.     Of  the  extracts 
so  obtained  O'l  cubic  centimetre,  or,  when  the  pylorus  had  been 
used,  0*5  cubic  centimetre  was  treated  with  15  cubic  centimetres  of 
hydrochloric  acid  of  0*1  per  cent,  and  fibrin.     The  microscopic  in- 
vestigation of  the  mucous  membrane  was  conducted  after  hardening 
in  alcohol,  the  sections  being  coloured  with  carmine,  picro-carmine, 
or  aniline  blue.     Stomachs  of  the  dog,  cat,  pig,  and  rabbit  were  em- 
ployed.   The  results  obtained  were  the  following : — (1)  The  quantity 
of  pepsin  in  the  mucous  membrane  varies.     (2)  It  varies  with  dif- 
ferent conditions  of  the  peptic  cells ;  if  these  be  bright  and  laige, 
they  contain  much  pepsin ;  if  they  be  shrivelled  and  turbid,  little ; 
a  moderate  size  and  turbidity  correspond  to  a  medium  amount  of 
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pepsin.  (3)  What  is  true  of  the  peptic  cells  of  the  fdndas  is  also 
tmo  of  the  same  cells  of  the  pylonu ;  large  clear  cells  indicate  a  large 
amount  of  pepsin.  (4)  The  turbidity  of  the  peptic  cells  is  a  sign 
fi>r  the  secretion  of  pepsin.  With  regard  to  the  relation  of  the  for- 
mation of  pepsin  to  the  food  taken,  the  following  are  the  results  in 
the  dog;  the  pylorus  being  employed.  The  quantity  of  pepsin  in- 
creases fiom  the  time  of  taking  food  till  about  the  ninth  hour  there- 
after ;  it  fails  slowly  till  the  thirteenth,  and  again  rises  slowly  till 
the  fortieth,  and  then  remains  so.  The  fundus,  after  the  introduction 
of  food  alker  long  £uting,  yields  Tery  rapidly  a  great  quantity  of 
pepsin  till  about  the  ninth  hour.  At  this  time  the  minimum  quan- 
tity in  the  fundus  corresponds  with  the  maximum  quantity  in  the 
pyloru&  From  this  point  onwards  the  quantity  rises  till  the  thirtieth 
hour  after  food,  and  remains  so  for  fifteen  to  twenty  hour&  If  the 
£iistlng  lasts  longer  (sixty  or  seventy  hours),  a  spontaneous  secretion 
occurs,  the  quantity  of  pepsin  in  ^e  fundus  diminishes.  The  con- 
ditions are  similar  in  the  cat,  only  here  the  first  period  lasts  eigh- 
teen instead  of  nine  hours.  Similar  results  occur  in  the  pig  ;  in  the 
rabbit,  on  account  of  the  stomach  always  remaining  full,  tiie  stages 
of  secretion  are  not  so  clearly  pronounced. 

III.  The  9ecretion  of  pepsin  (^served  in  dogs  with  gastrie  fietuU^, 
— In  the  fitsting  condition  scarcely  any  secretion  takes  place  in  the 
stomach.  A  fluid  of  alkaline  reaction  is  generally  discharged  from 
the  fistula — viz.,  the  saliva  which  has  been  swallowed  ;  only  exce^v 
tionally  does  this  contain  pepsin.  If  indigestible  substances  which 
powerfully  stimulate  the  stomach  are  introduced  into  it,  a  profuse 
secretion  of  a  very  active  gastric  juice  takes  place,  which  soon  (at 
most  one  or  two  hours)  becomes  much  less  active ;  six  or  seven  hours 
after  the  introduction  the  quantity  of  pepsin  a§pun  rises.  Similar 
results  occur  on  introducing  foods.  The  increase  in  the  quantity  of 
pepsin  from  the  sixth  to  the  seventh  hour  is  due  to  activity  of  the 
parts  near  the  pylorus.  The  conditions  for  secretion  are  altered, 
however,  when  foods  are  introduced  into  a  stomach  not  quite  empty, 
as  under  ordinary  circumstances  is  generally  the  case.  The  quan- 
tities of  pepsin  secreted  by  a  stomach  twelve  to  fourteen  hours  after 
a  good  diet  on  the  intiHxluction  of  more  food  are  much  smaller  than 
after  a  continued  long  fast.  The  quantity  of  pepsin  in  the  gastric 
juice  diminishes  continually ;  an  increase  in  its  quantity  is  not  to 
be  observed  at  any  time.  In  the  case  of  a  dog  suffering  from  an 
intense  catarrh  of  the  stomach  for  several  weeks,  produced  by  intro- 
ducing some  pebbles  into  it,  the  secretion  was  continuous,  and  was 
not,  or  but  slightly,  affected  by  the  taking  of  food.  The  juice  se- 
creted was  turbid,  sticky,  not  always  of  acid  reaction,  sometimes 
neutral  and  even  alkaline  ]  it  always  contained  pepsin,  but  sometimes 
extremely  little.  The  author  therefore  recommends  in  cases  of 
chronic  catarrh  of  the  stomach  that  only  small  quantities  of  food 
should  be  given  at  once,  and  soon  thereafter  30  to  40  cubic  centi^ 
metres  of  a  O'Oi  per  cent  solution  of  hydrochloric  acid. 
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IV.  On  the  participation  of  chlorides  in  Ute  eecretum  of 
pepsin, — If  a  pylorus  which  has  been  washed  is  extracted  with 
glycerine,  one  generally  obtains  a  very  weak  extract.  If  the 
pylorus  is  treated  with  solution  of  common  salt  the  extract  is  very 
much  more  activa  The  common  salt  breaks  up  a  compound  in 
which  the  pepsin  in  the  pylorus  is  contained.  If  the  common  salt 
has  also  this  action  in  tiie  organism,  mucous  membranes  rich  in 
pepsin  must  also  be  rich  in  common  salt  In  fact,  a  series  of  ex- 
periments showed  that  the  quantity  of  common  salt  in  the  dried 
mucous  membrane  varied  from  0*6  to  1*5  per  cent.,  and  the  large 
amount  coincided  with  enlarged  and  clear  peptic  cells  which  con- 
tained a  large  quantity  of  pepsin.  If  a  large  quantity  (10  grammes) 
of  common  salt  be  injected  into  the  veins  of  a  fasting  dog,  the  pepsin 
is  excreted  more  rapidly,  so  that  one  hour  after  the  beginning  of  the 
experiment  the  mucous  membrane  is  always  thinner  than  in  the 
animal  used  for  the  control  experiment.  This  observation  agrees 
with  that  of  Brann  on  the  increase  of  the  secretion  after  chloride  of 
sodium. 

Liver, 

On  the  Secretion  of  the  Liver.— N.  Soooloff  {Pfluger'e  ArMv, 
Vol.  XI.  p.  166)  has  tested  the  assertion  of  Huppert  and  Schiff  that 
glycocholic  acid  injected  directly  into  the  blood  or  absorbed  from 
the  intestine  is  for  the  most  part  again  excreted  by  the  liver.  The 
author's  exi>erLments  were  made  on  -a  large  dog  with  a  biliaiy  fistula. 
Solutions  of  glycocholate  of  «oda  were  injected  into  the  jugular  vein 
(0-4  gramme  and  0*8  gramme)  and  into  the  stomach  (1  to  2  grammes). 
Before  and  after  the  injection  the  quantity  of  glycocholate  acid 
in  the  bile,  collected  at  intervals  of  half  an  hour,  was  estimated. 
Although  in  individual  cases  the  quantity  of  bile  was  increased,  an 
increase  of  the  bile  a^ds  was  not  observed,  and  no  glycocholic  acid 
was  detected  in  the  bile  excreted.  The  author  therefore  rejects  the 
view  ef  Huppert  and  Schiff.  The  increase  of  the  secretion  cannot 
be  ascribed  to  the  introduction  of  the  water,  but  is  rather  to  be 
r^arded  as  the  result  of  a  specific  stimulating  action  of  the  salts  of 
the  bile-acids. 

SpHeen, 
On  the  Contraction  of  the  Spleen  and  its  Relation  to  ths 

LiVEE  DURING  STIMULATION  OF  THE  SPLENIC  NeRVES. — Drs  Drosdotf 

and  Botschetschkaroff  {CentralUaU  fur  die  Mediciniechen  Wisseti- 
schqften,  No.  5,  1876)  were  led  by  the  observation  of  Botkin  that  the 
liver  increased  in  size  where  the  spleen  contracted  under  the  influence 
of  the  induced  current,  to  investigate  the  rdation  pf  the  spleen  to 
the  liver..  The  spleen  and  liver  were  exposed  in  a  narcotised 
dog.  The  quantity  of  blood  in  the  portal  system  was  estimated  by 
introducing  a  manometer  into  the  splenic  vein;  the  results  were 
the  following.     1.    On  section  of  the  nerves  of  the  splenic  plexus 
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the  spleen  increased  in  all  directions,  and  on  stimnlating  tlie 
peripheral  ends  of  the  nenres  it  diminished  in  axe.  2,  When 
the  contraction  of  the  spleen  produced  hy  stimulating  the  peri- 
pheral ends  of  the  nerves  commenced,  the  liver  began  to  increase 
in  83Z&  The  hepatic  lobules  became  sharplj  defined,  their  colour 
deepened^  and  their  tissue  became  fiirmer.  When  the  spleen  in- 
creased the  liver  again  became  smaller,  its  borders  sharper,  the 
outlines  of  its  lobules  disappeared,  its  tissues  softened.  3.  After 
every  contraction  of  the  spleen  the  number  of  white  blood-corpuscles 
in  the  liver  increased.  This  observation  agrees  with  the  results  of 
Tarchanoff  and  Swan  (London  Medical  Reeordy  Aug.  1875).  4. 
Stimulation  of  the  splenic  nerves  increases  the  pressure  in  the  vena 
lienalis.  Ligature  of  all  the  splenic  vessels  does  not  completely  ex- 
tinguish  the  power  of  the  spleen  to  increase  and  to  contract^  but  only 
dimuuBheB  this  property. 

Kidney, 

On  thb  Phtsioloot  of  the  Kidnst. — ^Yon  Wittich  {ArcLJiiT 
MiJeroe.  AnaL  Yol.  xi.,  and  CentralbUUt  fur  die  Mediciniechen  Wi^ 
sensehqfien,  No.  3,  1876)  remarks,  that  if  five  cubic  centimetres  of 
a  solution  of  ammoniacal  carmine  are  injected  into  the  jugular  vein 
of  a  rabbit,  death  ensues  in  about  fifteen  minutes.  If  an  examina- 
tion is  then  made,  not  only  the  ureters,  but  generally  the  bladder 
also,  are  found  to  be  filled  with  a  red  secretion.  The  microscopic 
examination  of  the  preparation  hardened  in  acidulated  alcohol  re- 
Tealed  the  followiog  appearances.  The  surface  of  the  glomeruli  was 
generally  of  a  diffuse  red  colour,  with  irregular  granular  particles 
lying  on  them.  There  is  no  appearance  of  a  more  intense  coloration 
of  the  nuclei  of  the  vessels  of  the  glomerulus,  or  of  the  layer  of 
cells  covering  them.  Between  the  glomeruli  and  the  capsule  there 
exists  a  colourless  space. ,  The  epithelium  of  the  capsule  is  not 
tinged.  The  lumina  of  the  convoluted  tubules  are  filled  almost 
throughout  their  entire  length  with  masses  of  carmine,  whilst  the 
cells  Uning  the  tubules  are  always  colourless.  The  straight  tubules 
are  g^endly  filled  with  carmine.  From  these  observations  it  ap- 
pears (as  was  shown  by  Ohrzonszczewsky)  that  the  excretion  of  the 
carmine  begins  pretty  regularly  in  the  capsules  of  the  glomeruli 
and  that  then  the  excreted  particles  pass  along  the  tubuli  oontorti 
into  the  tubuli  recti,  without  the  gland-cells  however  being  impli- 
cated in  the  process. 

The  author  shows  that  in  from  forty  to  fifty  seconds  after  the 
injection  of  the  carmine  into  the  jugular  vein  the  first  portion  of 
the  urine  tinged  with  carmine  passes  from  the  pelvis  of  kidney  into 
the  ureter.  In  the  rabbit  seven  days  elapse  before  the  last  traces 
of  the  five  decigrammes  of  carmine  injected  are  excreted  by  the 
kidneysL  The  same  experiments  performed  on  pigeons  showed, 
without  exception,  accumulation  of  the  carmine  in  the  lumen  of  the 
tubules,  whilst  the  accumulation  of  the  urinary  constituents  proper, 
t.  e.  of  the  urates,  takes  place  in  the  cells  of  the  tubules. 
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There  is  therefore  a  remarkable  difference  in  the  relation  of  the 
kidneyu  to  an  ammoniacal  solution  of  carmine  and  to  sulphindigotate 
of  soda,  the  latter,  as  was  first  shown  bj  Heidenhain  (London  Medical 
Eecordf  i.  823),  and  confirmed  by  Yon  Wittich,  being  excreted  by 
the  ceUs  of  the  convoluted  tubules.  Injection  of  these  two  sub- 
stances simultaneously  showed  these  differences  most  pronouncedly, 
although  the  author  is  unable  to  assign  a  reason  for  these  appear- 
ances ;  nor  did  the  introduction  of  these  substances  by  the  lungs 
serve  to  explain  the  result.  Exactly  the  same  results  were  ob- 
tained with  the  ammoniacal  carmine  as  when  it  was  injected  iuto 
the  blood  directly ;  whilst  the  introduction  of  the  indigo-carmine  by 
the  trachea  was  disadvantageous,  inasmuch  as  this  colouring  matter 
could  only  be  found  in  traces  in  the  cells  of  the  tubules. 

In  conclusion,  the  author  remarks  that  because  the  cells  of  the 
tubuli  contorti  remain  unooloured  during  the  excretion  of  carmine 
we  are  not  entitled  to  conclude  that  they  do  not  take  a  part  in  the 
process.  From  the  investigations  of  Gerlach  we  know  that  carmine 
does  not  adhere  to  living  cells;  it  is  therefore  not  impossible  that 
the  carmine,  like  the  indigo-carmine,  may  have  passed  through  the 
oellfl  of  the  tubuli  contorti,  without  however  being  fixed  by  them. 
But  the  opposite  peculiarity  must  be  shown  in  the  case  of  indigo- 
carmine,  viz.,  that  it  can  be  precipitated  in  the  protoplasm  of  living 
cells. 

Muscle. 

•     Ok  Bed  and  Pale  Tbansvebselt  Striped  Muscles. — ^E.  Meyer 
(Reichert  and  J)u  Boia  EeymoncPa  Archiv,  1875,  p.  217)  found  that 
the  primitive  bundles  of  the  red  semitendinosus  were  distinctly 
thicker  than  the  fibres  of  the  pale  adductor.     While  ten  fibres  of 
the  semitendinosus,  from  a  longitudinal  section,  lay  in  the  field  of 
the  microscope,  it  required  sixteen  to  twenty  of  those  of  the  ad- 
ductor to  fill  the  same  space.     The  nuclei  of  the  fibres  of  the  red 
semitendinosus  were  much  more  numerous  and  broader  than  those 
of  the  adductor.     In  the  former  five  nuclei  appear- on  transverse 
sections,  in  the.  adductor  only  two.     The  capillaries  of  the  semi- 
tendinosus are  also  characterised  by  having  little  aneurysmal  dila- 
tions.    It  is  shown  that  all  the  red  muscles  of  the  rabbit  have  not 
the  same  structure  as  the  semitendinosus.     Thus  it  is  proved  that 
the  cause  of  the  difference  of  the  semitendinosus  and  adductor  is 
different  from  that  which  occasions  the  difference  between  the  red 
and  pale  muscles  of  the  rabbit.     There  must  be  a  special  relation 
between  the  semitendinosus  and  the  adductor,  which  does  not  exist 
between  the  latter  and  the  other  red  muscles.     This  relation  can 
only  consist  in  factors,  which  are  present  not  only  in  the  rabbit, 
but  belong  to  the  whole  tribe  of  the  rodents.     The  difference  be- 
tween the  semitendinosus  and  adductor  is  not  a  special  peculiarity 
of  all  rodents;  it  is  only  found  in  the  guinea-pig.     Inasmuch  as 
the  rabbit  and  guinea-pig,  in  opposition  to  the  other  rodents,  have 
this  in  common,   viz.    that  they   have  been   domesticated^  so  the 
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anthor  belieTes  that  the  canse  of  the  partia]  change  of  ooloor  in 
the  muscle  ia  to  be  ascribed  to  the  imperfect  movement  of  the  parte 
in  consequence  of  the  domestication.  From  this  point  of  view  it 
must  be  shown  that  other  animals,  which  have  undei^ne  a  similar 
process  of  breeding,  show  differences  in  colour.  In  fact,  similar 
conditions  (as  far  as  the  difference  between  the  red  and  pale  muscles 
18  concerned)  exist  in  the  common  fowl.  Electrical  stimulation 
showed  that  the  semitendinosns  of  the  rabbit  passes  into  tetanus 
when  pronounced  twitching  is  still  clearly  visible  in  the  adductor. 
The  semitendinoeus  seems  to  be  used  in  a  way  differing  from  that 
of  the  other  muscles  of  the  rabbit ;  and  the  author  believes  that  this 
muscle,  in  consequence  of  its  being  in  constant  use  and  in  a  state 
of  tension  in  the  liring  rabbit,  has  lost  the  power  of  passing  rapidly 
from  one  condition  into  another.  Thus  the  differences  between  the 
pale  and  red  muscles  have  first  been  acquired  partly  on  account  of 
their  different  uses,  and  have  been  produced  in  different  domestic 
animalB  in  consequence  of  domestication  and  imperfect  movement. 


Miscdlanea, 

Ok  the  Toxicology  of  Catteik. — Binz  observed  some  time  ago 
that  the  temperature  of  the  body  was  considerably  increased  after 
large  doses  of  caffein.  J.  Perretti  {DUsertationy  Bonn,  1875,  and 
CetUnUbUUt  /ur  die  Medidniachen  WiMenBcha/teny  No.  52,  1875) 
has  made  niunerous  experiments  on  dogs,  cats,  and  rabbits,  and 
found  that  there  was  an  increase  of  temperature  of  1*4*  Cent.  (2*51^ 
Fahr.)  alter  the  subcutaneous  injection  of  half  a  gramme  of  caffein 
into  a  dog  weighing  2,700  grammes  (about  6  lbs.).  The  effect  does 
not  last  long,  like  all  the  other  phenomena  produced  by  the  drug. 
During  the  increase  the  animal  is  in  a  state  of  general  muscular 
tension,  and  it  appears  to  the  anthor  highly  probable  that  a  direct 
excitation  of  the  spinal  cord  and  the  increased  innervation  of  the 
motor  apparatus  dependent  thereon  cause  the  great  production  of 
heat.  The  pulse  is  simultaneously  much  increased,  the  salivary 
glands  secrete  profusely,  and  the  sensorium  is  obviously  excited. 
The  respiration  is  rapid,  and  is  paralysed  by  fatal  doses.  That 
artificial  respiration  can  avert  death  (Uspensky)  is  confirmed. 
Neither  rigor  mortis  nor  increase  of  temperature  occur,  even  when 
the  dose  is  so  large  that  paralysis  of  the  respiratory  centre  takes 
place.  The  spasms  from  poisoning  with  caffein  do  not,  as  a  rule, 
appear  in  animals  when  artificial  respiration  is  kept  up,  nor  in 
curarised  frogs,  nor  in  the  extremities  after  division  of  the  nerves,  at 
least  not  in  frogs.  In  poisoning  with  caffein  alcohol  seems  to  be 
valuable.  Three  experiments  show  that  quite  another  pictiire  is 
presented  when  caffein  and  alcohol  are  given  simultaneously.  The 
temperature  of  the  intoxicated  animal  rises  again;  the  affection 
of  the  brain  becomes  less,  and  the  inability  for  movement  passes 
into  violent  effort  to  move.  If  the  dose  of  the  antidote  is  too 
strong,  then  it  unites  its  effects  with  that  of  the  alcohol. 
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Transmission  of  Artificial  Auterations  to  Two  Generations. 
— B.  Dupuj  {Qaz.  Med,,  No.  33,  1876)  showed  the  Society  of 
Biology  of  Paris  guinea-pigs,  which  presented  the  peculiar  chfijiges 
in  the  medulla  following  section  of  the  cervical  sympathetia  These 
guinea-pigs  were  the  ofi&pring  of  animals  which  had  inherited  this 
peculiarity  from  their  parents  originally  operated  oil  Here,  there- 
fore, there  was  a  transmission  of  an  artificially  produced  condition 
to  the  second  generatioiL 
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THE  SPINAL  NERVOUS  SYSTEM  OF  THE  PORPOISE 
AND  DOLPHIN*.  By  D.  J.  Cunningham,  M.D.,  Senior 
Demonstrator  of  Anatomy,  University  of  EdinbwrgK  Plate 
vu. 

DtTRlNa  the  winter  session  of  1874 — 75,  while  I  was  assisting 
Professor  Turner  in  the  removal  of  the  spinal  cord  of  a  porpoise, 
we  were  struck  with  the  peculiar  arrangement  of  the  superior 
divisions  of  the  spinal  nerves,  which,  even  as  far  forward  as  the 
dorsal  region,  seemed  to  join  in  a  pleziform  manner,  and  gradu- 
ally to  form  a  great  nervous  cord,  situated  on  each  side  of  the 
vertebral  spines,  and  continued  back  to  the  tail.  In  cleaning 
the  vertebral  laminse  the  continuity  of  each  cord  was  not 
preserved,  yet  what  remained  served  to  convince  us  that  the 
superior  divisions  had  an  arrangement  different  from  that  in 
any  other  mammal  known  to  us.  Here  therefore  was  what  I 
considered  a  new  field  opened  up  for  investigation,  and  Pro- 
fessor Turner  having,  with  great  kindness,  placed  the  remains  of 
this  porpoise,  together  with  two  other  specimens  in  the  stores  of 
the  Anatomical  Museum,  at  my  disposal,  I  determined  to  enter 
upon  it.  In  addition  to  these,  I  have  also  dissected  a  young 
specimen  of  the  Delphinus  aJhirostriSy  which  I  purchased.  This 
animal,  of  which  the  accompanying  woodcut  affords  a  good 
representation,  possessed  so  many  features  of  zoological  interest^ 
that  I  deemed  it  worthy  of  special  description,  and  the  account 

^  This  paper  formed  a  portion  of  a  Graduation  Thesis  presented  to  the 
Medieal  Faculty  of  the  Uniyersity  of  Edinburgh,  April  29tb,  1876,  and  for 
which  a  Gold  Medal  was  awarded  to  the  author. 
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which  I  then  drew  up  may  be  foiiod  in  the  Proceedings  of  the 
Zoological  Society  of  London  for  the  year  1876. 


ToDDg  epeeimen  of  the  Delphimu  albiroitri*. 

But  little  has  been  written  on  the  spinal  nervous  system  of 
the  Cetacea.  W.  Rapp  (Die  Cetaceen  Stuttgart,  1837)  states 
"with  respect  to  the  course  of  the  spinal  nerves  (of  the  Cetacea) 
there  are  no  researches;"  and  Stannius  simply  mentions'  that 
"in  the  dolphin  a  nerve-trunk  proceeds  out  of  the  lumbar 
plexus,  the  branches  of  which  are  intended  for  the  muscles  of 
the  rudimentary  pelvis,  and  for  the  external  genital  oi^ans  and 
their  muscles,  as  well  as  for  the  region  of  the  anus : "  Mr  Swan, 
in  the  introduction  to  his  work  upon  The  Comparative  Ana- 
tomy of  the  Nervom  Si/stem  published  in  1835,  has  a  short 
account  of  the  whole  nervous  system  of  the  Porpoise,  and  con- 
sidering the  limited  space  which  he  gives  to  it  in  his  book,  one 
cannot  help  admiring,  notwithstanding  the  brevity  of  his  de- 
scription, the  amount  of  information  which  he  conveys  on  the 
subject.  The  investigations  I  have  made  will,  I  hope,  very 
materially  extend  our  knowledge  of  this  subject,  and  I  have 
taken  care  to  have  the  more  important  of  my  dissections  illus- 
trated by  drawings,  whilst  he,  with  his  wealth  of  plates  of  the 
nervous  system  of  other  animals,  does  not  give  one  to  the 
Cetacea. 

In  the  following  descriptions,  I  have  used  the  language  of 
the  comparative  anatomist,  applying  the  terms  anterior  and  pos- 
terior, in  relation  to  the  cephalic  and  caudal  extremities  and 
superior  and  inferior  in  relation  to  the  dorsal  and  ventral 
aspects  of  the  auimaL    I  make  this  explanation,  because  some 

1  Ltirbimh  At  Vtrgleiehenden  Anatomic,  Zweiter  Theil,  1846,  p.  898. 
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authors,  as  for  example  Mr  Swan,  have  employed  these  terms 
indiscriminately,  applying  the  terms  anterior  and  posterior  in 
relation  to  the  ventral  and  dorsal  aspects  in  both  man  and  the 
lower  animals,  which  is  liable  to  lead  to  confusion  and  am- 
biguity. 

Spinal  Cord.  (Fig.  1.) — 'The  spinal  cord  is  surrounded 
and  supported  on  all  sides  by  the  dense  rete  mirabile^  which 
may  be  looked  upon  as  performing  a  threefold  function:  (1)  it 
constitutes  a  soft  pliable  packing  material,  by  means  of  which 
the  oord  is  protected  from  shocks ;  (2)  it  maintains  a  uniform 
warmth  around  this  Important  and  delicate  nervous  centre,  by 
keeping  it  constantly  bathed,  as  it  were,  in  warm  arterial  blood ; 
(3)  and  lastly  as  Professor  Turner  has  pointed  out  {Trans. 
Rojfal  Society  of  Edin.,  XXVl.  233)  it  subdivides  the  arterial 
stream,  and  equalizes  its  force  before  it  reaches  the  brain  and 
spinal  cord\ 

In  the  porpoise  the  spinal  cord  extends  from  the  margin  of 
the  foramen  magnum  to  a  point  corresponding  to  the  interval 
between  the  6th  and  7th  lumbo-caudal  vertebrae,  and  opposite 
to  the  foramina  of  exit  of  the  S7th  pair  of  spinal  nerves.  An- 
teriorly it  is  continuous  with  the  medulla  oblongata,  and  pos- 
teriorly it  terminates  in  a  delicate  filnm  terminale,  which 
passes  backwards  in  the  canal  for  a  short  distance,  and  is  then 
lost.  It  presents  two  enlargements  or  swellings,  one  in  the 
cervical  and  the  other  in  the  lumbar  region.  The  former  of 
these  is  connected  with  the  nerves  which  go  to  form  the  cervical 
and  brachial  plexuses,  and  the  latter  with  the  nerves  which 
supply  the  genital  organs  and  the  muscular  apparatus  of  the 
tail.  Between  these  enlargements,  the  cord  is  of  uniform 
diameter;  and  the  lumbar  swelling  tapers  away  in  a  fusiform 
manner  into  the  filum  terminale  (/.  f.).  With  regard  to  its 
general  structure,  and  subdivision  into  columns  by  fissures,  the 
cord  of  the  Cetacea  resembles  that  of  other  mammals. 

Roots  of  the  Spinal  Nerves.  (Fig.  1.)— The  direction 
and  length  of  the  nerve-roots,  and  the  size  and  position  of  the 

^  Dr  Marie  has  propounded  a  difFereni  view  of  the  office  of  the  rete  mirahile. 
He  co&fiiderfl  it  equivalent  to  a  modified  hlood-gland,  and  that  by  its  coming  in 
dose  oontaet  with  the  lymphatic  s;^8tem  an  interchange  or  ezndation  of  their' 
oonstitnents  takes  place«    (*  Organization  of  the  Caaing  Whale/  Trans,  ZooU 
Soe.  viii.) 
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THE  SPINAL  NERVOUS  SYSTEM  OF  THE  PORPOISE 
AND  DOLPHINS  By  D.  J.  Cunningham,  M.D.,  Senior 
Demotutraior  of  Anatomy,  University  of  Edinburgh.  Plate 
vn. 

DtTKlNa  the  winter  session  of  1874 — 75,  while  I  was  assisting 
Professor  Turner  in  the  removal  of  the  spinal  cord  of  a  porpoise, 
we  were  struck  with  the  peculiar  arrangement  of  the  superior 
divisions  of  the  spinal  nerves,  which,  even  as  far  forward  as  the 
dorsal  region,  seemed  to  join  in  a  pleziform  manner,  and  gradu- 
ally to  form  a  great  nervous  cord,  situated  on  each  side  of  the 
vertebral  spines,  and  continued  back  to  the  tall.  In  cleaning 
the  vertebral  laminae  the  continuity  of  each  cord  was  not 
preserved,  yet  what  remained  served  to  convince  us  that  the 
superior  divisions  had  an  arrangement  different  from  that  in 
any  other  mammal  known  to  us.  Here  therefore  was  what  I 
considered  a  new  field  opened  up  for  investigation,  and  Pro- 
fessor Turner  having,  with  great  kindness,  placed  the  remains  of 
this  porpoise,  together  with  two  other  specimens  in  the  stores  of 
the  Anatomical  Museum,  at  my  disposal,  I  determined  to  enter 
upon  it.  In  addition  to  these,  I  have  also  dissected  a  young 
specimen  of  the  Delphimis  albiroetrisy  which  I  purchased.  This 
animal,  of  which  the  accompanying  woodcut  affords  a  good 
representation,  possessed  so  many  features  of  zoological  interest, 
that  I  deemed  it  worthy  of  special  description,  and  the  account 

1  Thifl  paper  formed  a  portion  of  a  Gradnation  Thesis  preeented  to  the 
Medical  Faonlty  of  the  University  of  Edinburgh,  April  29th,  1876,  and  for 
which  a  Gold  Medal  was  awarded  to  the  author. 
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which  I  then  drew  up  may  be  found  in  the  Proceedings  of  the 
Zoological  Society  of  London  for  the  year  1876. 

Fig.  6. 


Tonng  specimen  of  the  Delpkimis  albirostritt. 

But  little  has  been  written  on  the  spinal  nervous  system  of 
the  Cet^xjea.  W.  Rapp  {Die  Cetaceen  Stuttgart,  1837)  states 
"with  respect  to  the  course  of  the  spinal  nerves  (of  the  Cetacea) 
there  are  no  researches;"  and  Stannius  simply  mentions^  that 
"in  the  dolphin  a  nerve-trunk  proceeds  out  of  the  lumbar 
plexus,  the  branches  of  which  are  intended  for  the  muscles  of 
the  rudimentary  pelvis,  and  for  the  external  genital  organs  and 
their  muscles,  as  well  as  for  the  region  of  the  anus : "  Mr  Swan, 
in  the  introduction  to  his  work  upon  The  ComparcUive  Ana- 
tomy of  ike  Nervous  System  published  in  1835,  has  a. short 
account  of  the  whole  nervous  system  of  the  Porpoise,  and  con- 
sidering the  limited  space  which  he  gives  to  it  in  his  book,  one 
cannot  help  admiring,  notwithstanding  the  brevity  of  his  de- 
scription, the  amount  of  infonnation  which  he  conveys  on  the 
subject.  The  investigations  I  have  made  will,  I  hope,  very 
materially  extend  our  knowledge  of  this  subject^  and  I  have 
taken  care  to  have  the  more  important  of  my  dissections  illus- 
trated by  drawings,  whilst  he,  with  his  wealth  of  plates  of  the 
nervous  system  of  other  animals,  does  not  give  one  to  the 
Cetacea. 

In  the  following  descriptions,  I  have  used  the  language  of 
the  comparative  anatomist,  applying  the  terms  anterior  and  pos- 
terior,  in  relation  to  the  cephalic  and  caudal  extremities,  and 
superior  and  inferior  in  relation  to  the  dorsal  and  ventral 
aspects  of  the  animal.     I  make  this  explanation,  because  some 

^  Itehrhueh  der  Vergleichenden  Anatomies  Zweiter  Theil,  1846,  p.  89S. 
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authors,  as  for  example  Mr  Swan,  have  employed  these  terms 
indiscriminately,  applying  the  terms  anterior  and  posterior  in 
relation  to  the  ventral  and  dorsal  aspects  in  both  man  and  the 
lower  animals,  which  is  liable  to  lead  to  confusion  and  am- 
biguity. 

Spinal  CIord.  (Fig.  1.) — ^l^he  spinal  cord  is  surrounded 
and  supported  on  all  sides  by  the  dense  rete  mirabile,  which 
may  be  looked  upon  as  performing  a  threefold  function:  (1)  it 
constitutes  a  soft  pliable  packing  material,  by  means  of  which 
the  cord  is  protected  from  shocks ;  (2)  it  maintains  a  uniform 
warmth  around  this  important  and  delicate  nervous  centre,  by 
keeping  it  constantly  bathed,  as  it  were,  in  warm  arterial  blood ; 
(3)  and  lastly  as  Professor  Turner  has  pointed  out  {Trana, 
Royal  Society  of  Edin.,  xxvi.  233)  it  subdivides  the  arterial 
stream,  and  equalizes  its  force  before  it  reaches  the  brain  and 
spinal  cord\ 

In  the  porpoise  the  spinal  cord  extends  from  the  margin  of 
the  foramen  magnum  to  a  point  corresponding  to  the  interval 
between  the  6th  and  7th  lumbo-caudal  vertebrae,  and  opposite 
to  the  foramina  of  exit  of  the  27th  pair  of  spinal  nerves.  An- 
teriorly it  is  continuous  with  the  medulla  oblongata,  and  pos- 
teriorly it  terminates  in  a  delicate  filum  terminale,  which 
passes  backwards  in  the  canal  for  a  short  distance,  and  is  then 
lost  It  presents  two  enlargements  or  swellings,  one  in  the 
cervical  and  the  other  in  the  lumbar  region.  The  former  of 
these  is  connected  with  the  nerves  which  go  to  form  the  cervical 
and  brachial  plexuses,  and  the  latter  with  the  nerves  which 
supply  the  genital  organs  and  the  muscular  apparatus  of  the 
tail.  Between  these  enlargements,  the  cord  is  of  uniform 
diameter;  and  the  lumbar  swelling  tapers  away  in  a  fusiform 
manner  into  the  filum  terminale  (/.  ^.)*  With  regard  to  its 
general  structure,  and  subdivision  into  columns  by  fissures,  the 
cord  of  the  Cetacea  resembles  that  of  other  mammals. 

Roots  of  the  Spinal  Nerves.  (Fig.  1.)— The  direction 
and  length  of  the  nerve-roots,  and  the  size  and  position  of  the 

^  Dr  Marie  has  propounded  a  different  view  of  the  office  of  the  rete  mirabile. 
He  considert  it  equivalent  to  a  modified  blood-g^and,  and  that  by  its  coming  ia 
dose  contact  with  the  lymphatic  Bystem  an  interchange  or  exudation  of  their 
oonstituents  takes  place«  (*  Organization  of  the  Caaing  Whale,*  Trant,  Zool, 
Soe.  viii.) 
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THE  SPINAL  NERVOUS  SYSTEM  OF  THE  PORPOISE 
AND  DOLPHINS  By  D.  J.  Cunningham,  M.D.,  Smiar 
Demonstrator  o/Aruitom]/,  University  of  Edinbwrgh.    Plate 

VII. 

During  the  winter  session  of  1874 — 75,  while  I  was  assisting 
Professor  Turner  in  the  removal  of  the  spin^  cord  of  a  porpoise, 
we  were  struck  with  the  peculiar  arrangement  of  the  superior 
divisions  of  the  spinal  nerves,  which,  even  as  fcur  forward  as  the 
dorsal  region,  seemed  to  join  in  a  plexiform  manner,  and  gradu- 
ally to  form  a  great  nervous  cord,  situated  on  each  side  of  the 
vertebral  spines,  and  continued  back  to  the  tail.  In  cleaning 
the  vertebral  lamin®  the  continuity  of  each  cord  was  not 
preserved,  yet  what  remained  served  to  convince  us  that  the 
superior  divisions  had  an  arrangement  different  from  that  in 
any  other  mammal  known  to  us.  Here  therefore  was  what  I 
considered  a  new  field  opened  up  for  investigation,  and  Pro- 
fessor Turner  having,  with  great  kindness,  placed  the  remains  of 
this  porpoise,  together  with  two  other  specimens  in  the  stores  of 
the  Anatomical  Museum,  at  my  disposal,  I  determined  to  enter 
upon  it.  In  addition  to  these,  I  have  also  dissected  a  young 
specimen  of  the  Delphinus  aUnrostriSy  which  I  purchased.  This 
animal,  of  which  the  accompanying  woodcut  affords  a  good 
representation,  possessed  so  many  features  of  zoological  interest^ 
that  I  deemed  it  worthy  of  special  description,  and  the  acooiiikt 

1  This  paper  fonned  a  poiHoii  of  a  Graduation  Theais  presented  to  the 
Medioal  Faonlty  of  the  Uniyersitj  of  Edinbtirgfa,  April  a9th,  1876,  and  for 
whioh  a  Gold  Medal  was  awarded  to  the  author. 
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which  I  then  drew  up  may  be  found  in  the  Proceedings  of  the 
Zooloffical  Society  of  London  for  the  year  1876. 


Toong  Bpeoimen  ol  the  Dflfhinat  albirottrii. 
But  little  has  been  written  on  the  spinal  nervous  system  of 
the  Cetacea.  W.  Rapp  (Die  Cetaceen  Stuttgart,  1837)  states 
"with  respect  to  the  course  of  the  spinal  nerves  (of  the  Cetacea) 
there  are  no  researches;"  and  St«uiniuB  simply  mentions'  that 
"in  the  dolphin  a  nerve-trunk  proceeds  out  of  the  lumbar 
plexus,  the  branches  of  which  are  intended  for  the  muscles  of 
the  rudimentary  pelvis,  and  for  the  external  genital  oi:^an&  and 
their  muscles,  as  well  as  for  the  region  of  the  anus:"  Mr  Swan, 
in  the  introduction  to  his  work  upon  The  Comparative  Ana- 
tomy of  the  Nervous  System  published  in  1835,  has  a  short 
account  of  the  whole  nervous  system  of  the  Porpoise,  and  con- 
sidering the  limited  space  which  he  gives  to  it  in  his  book,  one 
cannot  help  admiring,  notwithstanding  the  brevity  of  his  de- 
scription, the  amount  of  information  which  he  conveys  on  the 
subject.  The  investigations  I  have  made  will,  I  hope,  very 
materially  extend  our  knowledge  of  this  subjecl^  and  I  have 
taken  care  to  have  the  more  important  of  my  dissections  illus- 
trated by  drawings,  whilst  he,  with  his  wealth  of  plates  of  the 
nervous  system  of  other  animals,  does  not  give  one  to  the 
Cetacea. 

In  the  following  descriptions,  I  have  used  the  language  of 
the  comparative  anatomist,  applying  the  terms  anterior  and  pos- 
terior, in  relation  to  the  cephalic  and  caudal  extremities  and 
superior  and  inferior  in  relation  to  the  dorsal  and  ventral 
aspects  of  the  auimaL  I  make  this  explanation,  because  some 
>  LehrbiKh  dn-  VtTgUiehenden  Anatomie,  Zweiter  Theil,  1646,  p.  893. 
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authors,  as  for  example  Mr  Swan,  have  employee!  these  terms 
indiscriminately,  applying  the  terms  anterior  and  posterior  in 
relation  to  the  ventral  and  dorsal  aspects  in  both  man  and  the 
lower  animals,  which  is  liable  to  lead  to  confusion  and  am- 
biguity. 

Spinal  Cord.  (Fig.  1.) — ^The  spinal  cord  is  surrounded 
and  supported  on  all  sides  by  the  dense  rete  mirabile,  which 
may  be  looked  upon  as  performing  a  threefold  function:  (1)  it 
constitutes  a  soft  pliable  packing  material,  by  means  of  which 
the  cord  is  protected  from  shocks ;  (2)  it  maintains  a  uniform 
warmth  around  this  hnportant  and  delicate  nervous  centre,  by 
keeping  it  constantly  bathed,  as  it  were,  in  warm  arterial  blood ; 
(3)  and  lastly  as  Professor  Turner  has  pointed  out  (Trans. 
Royal  Society  of  Edin.,  XX VL  233)  it  subdivides  the  arterial 
stream^  and  equalizes  its  force  before  it  reaches  the  brain  and 
spinal  cord\ 

In  the  porpoise  the  spinal  cord  extends  from  the  margin  of 
the  foramen  magnum  to  a  point  corresponding  to  the  interval 
between  the  6th  and  7th  lumbo-caudal  vertebrae,  and  opposite 
to  the  foramina  of  exit  of  the  27th  pair  of  spinal  nerves.  An- 
teriorly it  is  continuous  with  the  medulla  oblongata,  and  pos- 
teriorly it  terminates  in  a  delicate  Slum  terminale,  which 
passes  backwards  in  the  canal  for  a  short  distance,  and  is  then 
lost.  It  presents  two  enlargements  or  swellings,  one  in  the 
cervical  and  the  other  in  the  lumbar  region.  The  former  of 
these  is  connected  with  the  nerves  which  go  to  form  the  cervical 
and  brachial  plexuses,  and  the  latter  with  the  nerves  which 
supply  the  genital  organs  and  the  muscular  apparatus  of  the 
tail.  Between  these  enlargements,  the  cord  is  of  uniform 
diameter;  and  the  lumbar  swelling  tapers  away  in  a  fusiform 
manner  into  the  filum  terminate  (f.t).  With  regard  to  its 
general  structure,  and  subdivision  into  columns  by  fissures,  the 
cord  of  the  Cetacea  resembles  that  of  other  mammals. 

Roots  of  the  Spinal  Nerves.  (Fig.  1.)— The  direction 
and  length  of  the  nerve-roots,  and  the  size  and  position  of  the 

1  Dr  Marie  has  propounded  a  different  view  of  the  office  of  the  rete  mirahile. 
He  conBiders  it  equivalent  to  a  modified  blood-gland,  and  that  by  its  coming  in 
close  contact  with  the  lymphatic  system  an  interchange  or  exudation  of  their 
oonstitaents  ti^es  place«  (*  Organization  of  the  Gftaing  VSThale/  Tram,  ZooU 
Soc.  viii.) 
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THE  SPINAL  NEEV0X7S  SYSTEM  OF  THE  PORPOISE 
AND  DOLPHIN\  Bt  D.  J.  Ctoninoham,  M.D.,  Senior 
DetMrnstrator  of  Anatomy,  University  of  Hdinbvrgh.  Plate 
vu. 

DxjRiNG  the  wint^  seaslon  of  1874 — 75,  while  I  was  assisting 
Professor  Turner  in  the  removal  of  the  spinal  cord  of  a  porpoise, 
we  were  struck  with  the  peculiar  arrangement  of  the  superior 
divisions  of  the  spinal  nerves,  which,  even  as  far  forward  as  the 
dorsal  region,  seemed  to  join  in  a  pleziform  manner,  and  gradu- 
ally to  form  a  great  nervous  cord,  situated  on  each  side  of  the 
vertebral  spines,  and  continued  back  to  the  tall.     In  cleaning 
the   vertebral  laminae   the  continuity  of  each  cord  was  not 
preserved,  yet  what  remained  served  to  convince  us  that  the 
superior  divisions  had  an  arrangement  different  from  that  in 
any  other  mammal  known  to  us.    Here  therefore  was  what  I 
considered  a  new  field  opened  up  for  investigation,  and  Pro- 
fessor Turner  having,  with  great  kindness,  placed  the  remains  of 
this  porpoise,  together  with  two  other  specimens  in  the  stores  of 
the  Anatomical  Museum,  at  my  disposal,  I  determined  to  enter 
upon  it.    In  addition  to  these,  I  have  also  dissected  a  young 
specimen  of  the  Delphinus  aJbiroetriSy  which  I  purchased.    This 
animal,  of  which  the  accompanying  woodcut  affords  a  good 
representation,  possessed  so  many  features  of  zoological  interest, 
that  I  deemed  it  worthy  of  special  description,  and  the  accofint 

1  Tbis  paper  formed  a  portion  of  a  Gradaaiion  Thesis  presented  to  the 
Medical  Faculty  of  the  UniTersity  of  Edinburgh,  April  29th,  1876,  and  for 
wliiob  A  Gold  Medal  was  awarded  to  the  author. 
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which  I  then  drew  up  may  be  found  in  the  Proceedings  of  the 
Zoological  Society  of  London  for  the  year  1876, 

Fig.  6. 


Young  specimen  of  the  Delphimu  alhirostrist. 

But  little  has  been  written  on  the  spinal  nervous  system  of 
the  Cetacea.  W.  Rapp  {Die  Getaceen  Stuttgart,  1837)  states 
"with  respect  to  the  course  of  the  spinal  nerves  (of  the  Cetacea) 
there  are  no  researches;"  and  Stannius  simply  mentions^  that 
"in  the  dolphin  a  nerve-trunk  proceeds  out  of  the  lumbar 
plexus,  the  branches  of  which  are  intended  for  the  muscles  of 
the  rudimentary  pelvis,  and  for  the  external  genital  organs  and 
their  muscles,  as  well  as  for  the  region  of  the  anus : "  Mr  Swan, 
in  the  introduction  to  his  work  upon  The  Comparative  Ana- 
tomy of  the  Nervoue  System  published  in  1835,  has  a. short 
account  of  the  whole  nervous  system  of  the  Porpoise,  and  con- 
sidering the  limited  space  which  he  gives  to  it  in  his  book,  one 
cannot  help  admiring,  notwithstanding  the  brevity  of  his  de- 
scription, the  amount  of  infoimation  which  he  conveys  on  the 
subject.  The  investigations  I  have  made  will,  I  hope,  very 
materially  extend  our  knowledge  of  this  subject,  and  I  have 
taken  care  to  have  the  more  important  of  my  dissections  illus- 
trated by  drawings,  whilst  he,  with  his  wealth  of  plates  of  the 
nervous  system  of  other  animals,  does  not  give  one  to  the 
Cetacea. 

In  the  following  descriptions,  I  have  used  the  language  of 
the  comparative  anatomist,  applying  the  terms  anterior  and  pos^ 
terior,  in  relation  to  the  cephalic  and  caudal  extremities,  and 
superior  and  inferior  in  relation  to  the  dorsal  and  ventral 
aspects  of  the  animal.     I  make  this  explanation,  because  some 

*  Lehrhueh  der  VergUichenden  Anntomiet  Zweiter  Theil,  1846,  p.  898. 
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THE  SPINAL  NERVOUS  SYSTEM  OF  THE  PORPOISE 
AND  DOLPHIN  \  By  D.  J.  Cunningham,  M.D.,  Senior 
Demonstrator  of  Anatomy,  University  of  Edinburgh.    Plate 

VII. 

DURINQ  the  wintw  seasion  of  1874 — 75,  while  I  was  assisting 
Professor  Turner  in  the  removal  of  the  spinal  cord  of  a  porpoise, 
we  were  struck  with  the  peculiar  arrangement  of  the  superior 
divisions  of  the  spinal  nerves,  which,  even  as  fttr  forward  as  the 

'  dorsal  region,  seemed  to  join  in  a  plexiform  manner,  and  gradu- 
ally to  form  a  great  nervous  cord,  situated  on  each  side  of  the 
vertebral  spines,  and  continued  back  to  the  tail.  In  cleaning 
the  vertebral  laminae  the  continuity  of  each  cord  was  not 
preserved,  yet  what  remained  served  to  convince  us  that  the 
superior  divisions  had  an  arrangement  different  from  that  in 
any  other  mammal  known  to  us.    Here  therefore  was  what  I 

'  considered  a  new  field  opened  up  for  investigation,  and  Pro- 
fessor Turner  having,  with  great  kindness,  placed  the  remains  of 
this  porpoise,  together  with  two  other  specimens  in  the  stores  of 

-  the  Anatomical  Museum,  at  my  disposal,  I  determined  to  enter 
upon  it.  In  addition  to  these,  I  have  also  dissected  a  young 
specimen  of  the  Delphinus  albiroetris,  which  I  purchased.  This 
animal,  of  which  the  accompanying  woodcut  affords  a  good 
representation,  possessed  so  many  features  of  zoological  interest, 
that  I  deemed  it  worthy  of  special  description,  and  the  account 

1  This  paper  fonned  a  portion  of  a  Graduation  ThesiB  presented  to  the 
Medical  Faonlty  of  the  Uniyersity  of  Edinburgh,  April  29th,  1S76,  and  for 
whioh  a  Qold  Medal  was  awarded  to  the  author. 
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which  I  then  drew  up  may  be  found  in  the  Proceedings  of  the 
Zoological  Society  of  London  for  the  year  1876, 


Toimg  BpecimeD  of  the  Delphinut  albiroilri*. 

But  little  ba8  been  written  on  the  sjlinsl  nervous  Eystem  of 
the  Cetacea.  W.  Rapp  [Die  Cetaceen  Stuttgart^  1837}  states 
"with  respect  to  the  course  of  the  spinal  nerves  (of  the  Cetacea) 
there  are  no  researches;"  and  Stannius  simply  mentions'  that 
"in  the  dolphin  a  nerve-trunk  proceeds  out  of  the  lumbar 
plexus,  the  branches  of  which  are  intended  for  the  muscles  of 
the  rudimentary  pelvis,  and  for  the  estemal  genital  organs  and 
their  muscles,  as  well  aa  for  the  region  of  the  anus : "  Mr  Swan, 
in  the  introduction  to  his  work  upon  The  Comparative  Ana- 
tomy of  the  Nervous  St/stertt,  published  in  1835,  has  a. short 
account  of  the  whole  nervous  system  of  the  Porpoise,  and  con- 
sidering the  limited  space  which  he  gives  to  it  in  his  book,  one 
cannot  help  admiring,  notwithstanding  the  brevity  of  his  de- 
scription, the  amount  of  information  which  he  conveys  on  the 
subject.  The  investigations  I  have  made  will,  I  hope,  very 
materially  extend  our  knowledge  of  thi£  subject,  and  I  have 
taken  care  to  have  the  more  important  of  my  dissections  illus- 
trated by  drawings,  whilst  he,  with  his  wealth  of  plates  of  the 
nervous  system  of  other  animals,  does  not  give  one  to  the 
Cetacea. 

In  the  following  descriptions,  I  have  used  the  language  of 
the  comparative  anatomist,  applying  the  terms  anterior  and  pos- 
terior, in  relation  to  the  cephalic  and  caudal  extremities,  and 
superior  and  inferior  in  relation  to  the  dorsal  and  ventral 
aspects  of  the  auimaL  I  make  this  explanation,  because  some 
'  LehrbMch  dtr  Yergltiehtttdat  Anatomie.  ZweitcT  Theil,  1846,  p.  893. 
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authors,  as  for  example  Mr  Swan,  have  employed  these  terms 
indiscriminately,  applying  the  terms  anterior  and  posterior  in 
relation  to  the  ventral  and  dorsal  aspects  in  both  man  and  the 
lower  animals,  which  is  liable  to  lead  to  confusion  and  am- 
biguity. 

Spinal  Cord.  (Fig.  1.) — ^The  spinal  cord  is  surrounded 
and  supported  on  all  sides  by  the  dense  rete  mirabile^  which 
may  be  looked  upon  as  performing  a  threefold  function:  (1)  it 
constitutes  a  soft  pliable  packing  material,  by  means  of  which 
the  oord  is  protected  from  shocks ;  (2)  it  maintains  a  uniform 
warmth  around  this  Important  and  delicate  nervous  centre,  by 
keeping  it  constantly  bathed,  as  it  were,  in  warm  arterial  blood ; 
(3)  and  lastly  as  Professor  Turner  has  pointed  out  {Trans, 
Royal  Society  of  Edin.,  XXVL  233)  it  subdivides  the  arterial 
stream,  and  equalizes  its  force  before  it  reaches  the  brain  and 
spinal  cord\ 

In  the  porpoise  the  spinal  cord  extends  from  the  margin  of 
the  foramen  magnum  to  a  point  corresponding  to  the  interval 
between  the  6th  and  7th  lumbo-caudal  vertebrse,  and  opposite 
to  the  foramina  of  exit  of  the  27th  pair  of  spinal  nerves.  An- 
teri<H*ly  it  is  continuous  with  the  medulla  oblongata,  and  pos- 
teriorly  it  terminates  in  a  delicate  Slum  terminale,  which 
passes  backwards  in  the  canal  for  a  short  distance,  and  is  then 
lost  It  presents  two  enlargements  or  swellings,  one  in  the 
cervical  and  the  other  in  the  lumbar  region.  The  former  of 
these  is  connected  with  the  nerves  which  go  to  form  the  cervical 
and  brachial  plexuses,  and  the  latter  with  the  nerves  which 
supply  the  genital  organs  and  the  muscular  apparatus  of  the 
tail.  Between  these  enlargements,  the  cord  is  of  uniform 
diameter;  and  the  lumbar  swelling  tapers  away  in  a  fusiform 
manner  into  the  filum  terminale  (f.t).  With  regard  to  its 
general  structure,  and  subdivision  into  columns  by  fissures,  the 
cord  of  the  Cetacea  resembles  that  of  other  mammals. 

Roots  of  the  Spinal  Nerves.  (Fig.  1.)— The  direction 
and  length  of  the  nerve-roots,  and  the  size  and  position  of  the 

1  Dr  Marie  has  propounded  a  different  view  of  the  office  of  the  rete  mirabile. 
He  considers  it  eqnivalent  to  a  modified  blood-gland,  and  that  by  its  coming  in 
close  contact  with  the  lymphatic  system  an  interchange  or  exudation  of  their ' 
oonstitnents  takes  places    (*  Organization  of  the  Gftaing  Whale/  Trafu.  Zool. 
Soc,  viii.) 
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THE  SPINAL  NERVOUS  SYSTEM  OF  THE  PORPOISE 
AND  DOLPHIN'.  Bt  D.  J.  Cunningham,  M.D.,  Senior 
Demonstrator  of  Anatomy,  University  of  Edinburgh.  Plate 
vn. 

DtTRlNQ  the  winter  seasion  of  1874» — 75,  while  I  was  assisting 
Professor  Turner  in  the  removal  of  the  spinal  cord  of  a  porpoise, 
we  were  struck  with  the  peculiar  arrangement  of  the  superior 
divisions  of  the  spinal  nerves,  which,  even  as  far  forward  as  the 
dorsal  region,  seemed  to  join  in  a  plexiform  manner,  and  gradu- 
ally to  form  a  great  nervous  cord,  situated  on  each  side  of  the 
vertebral  spines,  and  continued  back  to  the  tail.  In  cleaning 
the  vertebral  laminae  the  continuity  of  each  cord  was  not 
preserved,  yet  what  remained  served  to  convince  us  that  the 
superior  divisions  had  an  arrangement  different  from  that  in 
any  other  mammal  known  to  us.  Here  therefore  was  what  I 
considered  a  new  field  opened  up  for  investigation,  and  Pro- 
fessor Turner  having,  with  great  kindness,  placed  the  remains  of 
this  porpoise,  together  with  two  other  specimens  in  the  stores  of 
the  Anatomical  Museum,  at  my  disposal,  I  determined  to  enter 
upon  it.  In  addition  to  these,  I  have  also  dissected  a  young 
specimen  of  the  Delphinue  aUnroetriSy  which  I  purchased.  This 
animal,  of  which  the  accompanying  woodcut  affords  a  good 
representation,  possessed  so  many  features  of  zoological  interest, 
that  I  deemed  it  worthy  of  special  description,  and  the  accoant 

^  This  paper  formed  a  portion  of  a  Graduation  Thesis  presented  to  the 
Medical  Faonlfy  of  the  UniTersity  of  Edinbnrgh,  April  29th,  1S76,  and  for 
whieh  a  Gold  Medal  wa»  awarded  to  the  anthon 
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which  I  then  drew  up  may  be  found  in  tlie  Proceedings  of  the 
Zoological  Society  of  London  for  the  year  1876. 


Tonng  tpBoimen  of  tbe  Delfhinia  atbirottrit. 
But  little  has  been  written  on  the  spinal  nervous  system  of 
the  Cetacea.  W.  Rapp  {Die  Cetacean  Stuttgart,  1837)  states 
"with  respect  to  the  course  of  the  spinal  nerves  (of  the  Cetacea) 
there  are  no  researches;"  and  Stannius  simply  mentions'  that 
"in  the  dolphin  a  nerve-trunk  proceeds  out  of  the  lumbar 
plexus,  the  branches  of  which  are  intended  for  tbe  muscles  of 
the  nidimentaiy  pelvis,  and  for  the  external  genital  organs  and 
their  muscles,  as  well  as  for  the  region  of  tbe  anus:"  Mr  Swan, 
in  the  introduction  to  his  work  upon  The  Comparative  Ana- 
tomy of  the  Nervous  Si/atem  published  in  1835,  has  a  short 
account  of  the  whole  nervous  system  of  the  Porpoise,  and  con- 
sidering the  limited  space  which  be  gives  to  it  in  his  book,  one 
cannot  help  admiring,  notwithstanding  tbe  brevity  of  bis  de- 
scription, the  amount  of  information  which  be  conveys  on  tbe 
subject.  The  investigations  I  have  made  will,  I  hope,  very 
materially  extend  our  knowledge  of  this  subject,  and  I  have 
taken  care  to  have  the  more  important  of  my  dissections  illu»- 
trated  by  drawings,  whilst  he,  with  his  wealth  of  plates  of  tbe 
nervous  system  of  other  animals,  does  not  give  one  to  the 
Cetacea. 

In  the  following  descriptions,  I  have  used  the  language  of 
tbe  comparative  anatomist,  applying  the  terms  anterior  and  pos- 
terior, in  relation  to  the  cephalic  and  caudal  extremities,  and 
superior  and  inferior  in  relation  to  the  dorsal  and  ventral 
aspects  of  the  animal.  I  make  this  explanation,  because  some 
>  Lehrbueh  AfT  VergleUhenden  Anatomie,  Zweiter  Theil,  1646,  p.  S9S. 
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authors,  as  for  example  Mr  Swan,  have  employed  these  terms 
indiscriminately,  applying  the  terms  anterior  and  posterior  in 
relation  to  the  ventral  and  dorsal  aspects  in  both  man  and  the 
lower  animals,  which  is  liable  to  lead  to  confusion  and  am- 
biguity. 

Spinal  Cord.  (Fig.  1.) — ^The  spinal  cord  is  surrounded 
and  supported  on  all  sides  by  the  dense  rete  mirabile^  which 
may  be  looked  upon  as  performing  a  threefold  function:  (1)  it 
constitutes  a  soft  pliable  packing  material,  by  means  of  which 
the  oord  is  protected  from  shocks ;  (2)  it  maintains  a  uniform 
warmth  around  this  important  and  delicate  nervous  centre,  by 
keeping  it  constantly  bathed,  as  it  were,  in  warm  arterial  blood ; 
(3)  and  lastly  as  Professor  Turner  has  pointed  out  {Trans, 
Royal  Society  of  Edin.,  XX VI.  233)  it  subdivides  the  arterial 
stream,  and  equalizes  its  force  before  it  reaches  the  brain  and 
spinal  cord\ 

In  the  porpoise  the  spinal  cord  extends  from  the  maigin  of 
the  foramen  magnum  to  a  point  corresponding  to  the  interval 
between  the  6th  and  7th  lumbo-caudal  vertebrae,  and  opposite 
to  the  foramina  of  exit  of  the  27th  pair  of  spinal  nerves.  An- 
teriorly it  is  continuous  with  the  medulla  oblongata,  and  pos- 
teriorly it  terminates  in  a  delicate  filum  terminale,  which 
{masses  backwards  in  the  canal  for  a  short  distance,  and  is  then 
lost  It  presents  two  enlargements  or  swellings,  one  in  the 
cervical  and  the  other  in  the  lumbar  region.  The  former  of 
these  is  connected  with  the  nerves  which  go  to  form  the  cervical 
and  brachial  plexuses,  and  the  latter  with  the  nerves  which 
supply  the  genital  organs  and  the  muscular  apparatus  of  the 
tail.  Between  these  enlargements,  the  cord  is  of  uniform 
diameter;  and  the  lumbar  swelling  tapers  away  in  a  fusiform 
manner  into  the  filum  terminate  {f.t).  With  regard  to  its 
general  structure,  and  subdivision  into  columns  by  fissures,  the 
cord  of  the  Cetacea  resembles  that  of  other  mammals. 

Roots  op  the  Spinal  Nerves.  (Fig.  1.)— The  direction 
and  length  of  the  nerve-roots,  and  the  size  and  position  of  the 

^  Dr  Marie  has  propounded  a  different  view  of  the  office  of  the  rete  mirabile. 
He  considers  it  equivalent  to  a  modified  blood«g]and,  and  that  by  its  coming  in 
close  contact  with  the  Ijrmphatic  Bystem  an  interchange  or  exudation  of  their 
donstitnents  takes  plaee«  (*  Organization  of  the  C&aing  Whale,'  Trant.  Zool 
Soc,  viii.) 
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ganglia,  vaiy  in  the  different  regions  of  the  spine.  In  the  cervi* 
cal  region  (C.)  the  roots  are  crowded  together  owing  to  the 
fusion  or  close  apposition  of  the  cervical  vertebrsB.  The  first 
three  pass  directly  outwards,  but  the  other  five  have  a  slight 
obliquity  forwards.  In  the  dorsal  region  (D.)  the  roots  are 
placed  at  considerable  intervals  from  each  other,  and  the 
anterior  pass  directly  outwards,  whilst  the  posterior  have  an 
obliquity  backwards.  Those  proceeding  from  the  lumbar  en- 
largement (i/.  C.)  are  densely  crowded  around  the  lower  end  of 
the  cord,  and,  passing  directly  backwards,  they  constitute  the 
Cauda  equina,  and  occupy  the  spinal  canal  for  a  considerable 
distance  behind  the  termination  of  the  cord.  In  the  cervical 
and  dorsal  regions  the  length  of  the  nerve-roots  increases  gradu- 
ally from  before  backwards,  but  in  the  lumbo-caudal  region,  as 
the  cord  only  extends  to  the  7th  vertebra  of  this  r^on,  the 
length  of  the  roots  increases  rapidly  from  nerve  to  nerve,  unta 
the  more  posterior  of  the  series  attain  a  veiy  great  length  in- 
deed. The  nerves  constituting  the  cauda  equina  are  loosely 
bound  to  each  other  by  lax  connective  tissue,  and  they  are  very 
curly  and  tortuous,  so  that  their  length  cannot  be  correctly  esti- 
mated by  measuring  from  the  point  where  they  issue  from  the 
cord  to  the  foramina  of  exit.  In  the  most  anterior  of  the  series 
the  tortuosities  are  long  and  gentle,  but  in  the  most  posterior 
they  are  numerous  and  minuted 

In  the  cervical  and  dorsal  regions,  the  ganglia  on  the  supe- 
rior roots  are  well  marked,  and  are  placed  in  the  intervertebral 
foramina.  In  the  lumbo-caudal  region,  however,  and  especially 
in  the  posterior  part  of  it,  the  gangUa  are  very  minute  and  lie 
in  the  spinal  canal,  in  some  cases  at  a  considerable  distance 
from  the  foramina  of  exit. 

In  all  the  regions  the  superior  roots  (s.  r.)  are  smaller  than 
the  inferior  {%.  r.),  thus  constituting  a  marked  contrast  to  other 
mammalia^  in  which  as  a  rule  the  reverse  of  this  arrangement 
holds  good.  Nowhere,  however,  is  this  difference  in  size  so 
marked  as  in  the  cauda  equina,  in  the  last  nerves  of  which  the 
superior  root  is  half  the  size  of  the  inferior,  and  in  some  cases 

^  Dr  Miui«  of  London  hM  snggested  to  me  that  thin  tortaosity  of  the  neire- 
roots  is  in  all  prohability  due  to  the  great  freedom  of  movement  and  flexibility 
poeseflsed  by  the  eandal  portion  of  the  animaL  I  think  that  this  view  oilers  a 
very  reasonable  explanation. 
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60  delicate  that  when  stripped  of  the  loose  connective  tissue 
which  surrounds  it,  it  resembles  (in  the  porpoise)  a  fine  thread 
or  hair.  From  this  fact  we  must  not  conclude  that  sentiency  is 
dull  in  the  Cetacea,  for,  as  the  animal  tapers  towards  the  tail, 
the  amount  of  skin  to  be  supplied -with  sentient  fibres  is  small 
in  comparison  to  the  huge  muscular  masses  to  be  supplied  with 
motor  filaments.  In  the  cervical,  dorsal,  and  anterior  lumbar 
regions  where  the  cutaneous  surfiace  is  extensive,  the  superior 
roots  attain  a  size  only  slightly  smaller  than  the  inferior  roots. 

Spinal  Nerves. — If  we  examine  the  spinal  column  of  a 
porpoise  or  other  cetacean,  we  notice  that  the  intervertebral 
foramina,  through  which  the  spinal  nerves  pass,  occupy  dififer- 
ent  horizontal  planes  in  the  different  regions  of  the  column. 
This  is  owing  to  the  absence  of  a  pedicle  in  the  lumbar  and 
caudal  regions  of  the  column.  Here  the  transverse  processes 
spring  from  the  sides  of  the  vertebral  bodies  apart  from  the 
laminae,  which  arise  from  the  superior  aspect  of  the  bodies.  In 
these  regions,  therefore,  the  intervertebral  foramina  correspond 
to  the  intervals  between  the  laminse  of  contiguous  vertebree, 
and  consequently  occupy  a  plane  superior  to  the  transverse 
processes.  As  we  approach  the  dorsal  region,  however,  a  rudi- 
mentary pedicle  begins  to  shew  itself,  the  transverse  process 
and  lamina  springing  from  the  same  point  in  the  vertebral 
body,  and  the  pedicle  becomes  more  and  more  marked  as  we 
pass  on  towards  the  cervical  region.  In  the  cervical  and  dorsal 
regions,  therefore,  the  intervertebral  foramina  are  in  a  plane 
nearer  the  ventral  surface,  and  are  situated  between  the  pedicles 
and  inferior  to  the  transverse  processes. 

In  consequence  of  this  arrangement  the  removal  of  the  great 
extensor  muscle  in  the  lumbo-caudal  region  displays  the  whole 
spinal  nerve  issuing  from  the  spinal  canal,  whilst  in  the  dorsal 
and  cervical  regions  it  only  exposes  the  superior  divisions  of 
these  nerves  passing  upwards  between  the  pedicles. 

Cervical  Nerves.  (Fig.  2.) — In  the  cervical  region  the 
intervertebral  foramina^  as  we  have  seen,  are  situated  below 
the  transverse  processes  of  the  vertebras,  and  to  expose  the 
cervical  nerves  before  they  break  up  into  their  superior  aud 
inferior  divisions,  the  dissection  must  consequently  be  made 
from  the  ventral  aspect. 
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The  cervical  nerves  are  eight  in  number.  The  first,  or  sub- 
Occipital,  passes  out  between  the  occiput  and  atlas,  and  is 
placed  at  a  short  distance  from  the  second  nerve.  Owing  to 
the  fusion  or  close  apposition  of  the  vertebrae  in  this  region,  the 
other  nerves  lie  very  close  to  each  other,  being  merely  separated 
by  the  thin  sharp  osseous  lamellae  which  bound  the  interverte- 
bral foramina  and  represent  the  pedicles.  Outside  the  fora- 
mina the  nerves  are  further  separated  from  each  other  for  a 
very  short  distwce,  by  fibrous  septa  interposed  between  them 
and  attached  to  the  sharp  margins  of  the  lamellae. 

In  form  the  cervical  nerves  are  flat  and  band-like,  and 
almost  immediately  after  passing  through  the  intervertebral 
foramina  they  divide  into  theii*  superior  and  inferior  divisions. 
The  rete  mirabile  surroundiDg  the  cord  is  prolonged  out  with 
the  nerves  for  a  short  distance,  and  forms  for  them  a  soft  yield- 
ing bed  outside  the  spinal  canal. 

Superior  Primary  Divisions  of  ike  Cervtcai  Nerves  (Fig.  2, 
8.  D.). — ^These,  with  the  exception  of  the  superior  division  of 
the  suboccipital,  which  is  directed  forward,  pass  upwards  and 
backwards  to  end  partly  in  the  muscles  and  partly  in  the  skin 
on  the  superior  aspect  of  the  neck.  In  some  cases  communicat- 
ing branches  of  great  tenuity  pass  between  them  close  to  the 
vertebrae,  shewing  even  in  this  region  a  tendency  to  a  plexiform 
arrangement,  and  the  formation  of  a  longitudinal  cord  along  the 
superior  aspect  of  the  vertebrae.  In  the  dolphin  these  com- 
munications are  present  in  almost  every  case,  but  I  have  always 
failed  to  find  them  in  the  porpoise.  In  the  substance  of  the 
great  mass  of  muscle,  through  which  the  superior  divisions  pass, 
they  break  up  into  numerous  branches  which  join  freely  with 
each  other. 

Inferior  Divisions  of  the  Cervical  Nerves  (Kg.  2). — ^These 
appear  at  the  side  of  the  neck,  and  are  each  connected  with  the 
sympathetic  system  by  means  of  a  delicate  fasciculus.  From 
the  manner  in  which  they  communicate,  the  one  with  the  other, 
they  may  be  divided  into  a  cervical,  and  a  brachial  or  axillary 
plexus. 

Cervical  PLBXUa-r-The  cervical  plexus  is  formed  by  the 
inferior  divisions  of  the  first  three  cervical  nerves.  These  lie 
upon  the  inferior  scalene  muscle,  and  are  at  first  under  cover  of 
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the  splenius  capitis,  levator  anguli  scapulae  and  superior  scalene 
muscles.  The  second  nerve  sends  a  loop  of  communication 
under  the  transverse  process  of  the  atlas  to  the  first  nerve,  and 
receives  a  similar  loop  at  a  lower  level  from  the  3rd  nerve. 

The  branches  of  this  plexus  may  be  divided  into  (1)  mus- 
culo-cutaneous  or  superficial,  (2)  muscular,  (3)  communicating. 

Mvsculo'Cutanecua  branched,  (c.) — These  are  three  in  num- 
ber, and  they  spring  from  the  2Dd  and  3rd  nerves.  Crossing 
the  inferior  scalene  muscle,  the  upper  two  pass  superficially  to 
the  mastoido-humeral  muscle,  and  then  break  up  into  their 
branches  of  distribution.  The  third  and  lowest,  after  receiving 
a  reinforcing  twig  from  the  loop  of  communication  which  joins 
the  2nd  with  the  1st  cervical  nerve,  pierces  the  mastoido-hume- 
ralis,  giving  it  at  the  same  time  a  twig  of  supply,  and  then 
breaks  up  into  branches.  On  tracing  the  branches  of  these 
three  nerves,  we  find  that  some  spread  upwards  and  forwards  to 
supply  the  skin  over  the  auricular  and  posterior  part  of  the 
in&a-maxillary  region,  whilst  others  proceed  downwards  and 
forwards  to  the  cutaneous  muscle  apd  skin  of  the  throat.  These 
nerves  correspond  to  the  superficial  branches  of  the  cervical 
plexus  in  man. 

Muscular  branches, — ^From  the  1st  and  2nd  nerves  proceed 
numerous  brandies  (tn,  h,)  to  the  muscles  of  the  neck,  and  two 
nerves  {s.  a.)  of  considerable  size  may  be  traced,  the  one  from 
the  2nd,  and  the  other  from  the  3rd,  to  the  inferior  scalene 
muscle.  The  principal  muscular  branch  of  the  cervical  plexus, 
however,  is  the  phrenic  (p,).  This  nerve  is  derived  from  the 
3rd  and  passing  downwards,  over  the  scalenus  inferior,  it  is 
reinforced  by  a  twig  (sometimes  of  considerable  size)  from  the 
4th  and  5th  nerves.  Reaching  the  lower  margin  of  the  inferior 
scalene  muscle  it'  takes  this  as  its  guide  and  curves  backwards 
under  the  brachial  plexus,  and  enters  the  thorax.  Before  do- 
ing so,  however,  it  gives  a  branch  (c.  «.)  to  the  costo-scapular 
muscle.  Within  the  thorax  we  trace  it  upon  the  pericardium 
and  under  cover  of  the  pleura  to  the  diaphragm.  In  its  course 
it  gives  a  few  delicate  filaments  to  the  pleura  and  pericardium. 

Communicating  branches. — ^The  1st  cervical  nerve  or  sub- 
occipital, after  being  joined  by  the  loop  of  communication  from 
the  2nd  cervical  nerve,  proceeds  downwaxds  across  the  inferior 
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scalene  muscle,  and  passing  under  the  posterior  margin  of  the 
stemo-mastoid  muscle  it  joins  the  large  descendens  noni  branch 
(d.  n.)  of  the  hypoglossal  nerve  (h.)  \ 

Bbachial  Plexus  (Fig.  2). — ^The  brachial  plexus  is  formed 
by  the  union  of  the  inferior  trunks  of  the  five  posterior  cervical 
and.  1st  dorsal  nerves.  In  some  cases  it  is  further  reinforced  by 
a  slender  fasciculus  from  the  2nd  dorsal  nerve.  These  nerves 
emerge  from  under  cover  of  the  superior  scalene  muscle,  and 
lying  upon  the  inferior  scalene  they  are  in  relation  to  the  deep 
aspect  of  the  muscles  which  clothe  the  venter  scapulae.  The 
manner  in  which  they  unite  to  form  the  plexus  is  somewhat 
variable. 

In  the  porpoise  (Fig.  2),  the  4tb  and  5th  nerves  join  to  form 
an  anterior  cord  {A.),  the  6th  and  7th  to  form  a  second  or  median 
cord  (M.),  and  the  8th  and  Ist  dorsal  to  form  a  third  or  posterior 
cord  (P.).  The  anterior  cord  next  forms  a  junction  with  the 
median  cord,  and  the  union  of  this  trunk  with  the  posterior  cord 
constitutes  the  plexus. 

In  the  dolphin  the  4th,  5th  and  6th  nerves  lying  pamllel 
and  very  close  to  each  other  unite  to  form  one  cord,  whilst  a 
second  cord  is  formed  by  the  junction  of  the  7th  and  8th  with 
the  first  dorsal  and  a  small  fasciculus  from  the  2im1  dcM:^. 
The  first  cord  after  giving  off  several  branches  jcoins  the  second 
cord,  and  by  their  union  the  plexus  is  formed.  It  is  curious  to 
find  a  twig  from  the  2nd  dorsal  entering  into  the  formation  of 
this  plexus.  This  little  filament  passes  forwards  and  slightlj 
downwards  under  cover  of  the  two  anterior  ribs,  and  joins  the 
1st  dorsal  as  it  emerges  from  under  cover  of  the  first  rib. 

The  branches  of  the  brachial  nerves  are  aa  follows  (Fig.  2) : 

From  the  Hh  nerve  a  branch  of  considerable  size  i»  given  to 
the  inferior  scalene  muscle  («.  a.).  This  muscle  is  therefore 
richly  supplied  with  nerves,  which  are  derived  from  three 
sources,  for,  in  addition  to  the  Itfanch  in  question,  it  receives,  a» 
we  have  already  seen,  other  two  distinct  nerves,  one  firom  the 
2nd  and  the  other  firom  the  3rd  cervical  nerve  {a.  a.).    From  the 

^  The  nexre  tfauB  formed  is  somewhat  larger  than  the  hypoglossal  itself  and 
emerging  from  mider  the  anterior  or  lower  margin  ol  the  stemo-mastoid  it  breaks 
into  numeroias  branoheSr  the  most  of  which  enter  the  large  fleshy  mass  which 
corresponds  to  the  stemo-hyoid,  whilst  a  few  small  twigs  may  be  traced  to  the 
Biemo-thyroid  and  one  yeiy  delioate  filaaient  to  the  thyro-hyc^ 
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7th  nerve  some  twigs  are  given  to  the  scalenus  superior  muscle. 
From  the  anterior  card  proceed  two  nerves ;  of  these  one  goes 
to  the  subscapularis  muscle  («.),  whilst  the  other — ^much  the 
laiger  of  the  two — ia  the  suprascapular  {s,  «.)  and  supplies  the 
spinatus  muscles. 

Frem  the  brachial  pleocue  branches  are  supplied  to  the  sub- 
scapularis (a.),  teres  major,  serratus  magnus,  latissimus  dorsi, 
pectoralis  major,  oosto-scapular  and  to  the  panniculus  camosus 
(p,  c.) ;  also  some  cutaneous  branches  which  issue  from  under 
cover  of  the  axillary  border  of  the  scapula  and  latissimus  dorsi, 
and  ramifying  on  the  deep  surface  of  the  cutaneous  muscle, 
pierce  it  to  reach  the  skin.  The  principal  branches  of  the 
brachial  plexus,  however,  are  the  medio-ulnar,  the  musculo- 
spiral  and  the  circumflex. 

MedMMdnar  nerve  (m). — This  is  a  large  nerve  which  pro- 
ceeds to  the  palmar  aspect  oi  the  flipper.  About  the  level  of 
the  elbow-joint  it  gives  two  well-marked  branches  {u)  to  the  ulnar 
macgin  of  the  forearm,  and  these  being  in  all  probability  the 
representatives  of  the  ulnar  nerve  I  have  been  led  to  apply  the 
name  of  medio-ulnar  to  the  parent  trunk.  In  the  forearm  it 
lies  in  the  groove  between  the  ulna  and  radius,  and  gives 
numerous  fine  twigs  to  the  skin  on  the  palmar  aspect  of  these 
bones ;  then  crossing  the  carpus  in  the  middle  line  of  the  flipper 
it  enters  the  phalangeal  region  of  the  manus.  Here  it  is  placed 
deeply  in  the  interval  between  the  index  and  middle  fingers 
and  can  be  traced  almost  to  the  tip  of  the  flipper.  In  this  pari 
of  its  course,  it  gives  numerous  twigs  to  the  skin,  and  a  few 
very  delicate  filaments  may  be  followed  out  between  the  pha- 
langes to  the  dorsal  aspect. 

MuecuUhspiral  nerve  (m.  a.). — This  nerve  at  a  short  distance 
from  its  origin  gives  a  branch  of  considerable  size  to  the  ulnar 
side  of  the  palmar  aspect  of  the  forearm,  and  then  winding 
round  the  lower  end  of  the  humerus  through  a  triangular  space 
formed  by  the  triceps,  teres  major  and  humerus  it  reaches  the 
dorsal  aspect  of  the  flipper.  (Fig.  8,  m.)  Here  it  breaks 
up  into  numerous  slender  branches  which  spread  out  to  supply 
the  skin  on  the  ulnar  side  of  the  upper  arm  and  forearm. 
One  or  two  of  these  twigs  may  be  traced  as  far  as  the  carpus, 
but  apparently  they  do  not  extend  further.    As  the  nerve  passes 
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through  the  triangular  space  it  gives  a  branch  of  supply  to  the 
triceps  muscle. 

Circumflex  nerve.  (Fig.  2,  a.) — This  nerve  has  a  very  im- 
portant and  extensive  distribution.  After  giving  a  few  small 
twigs  to  the  teres  major,  it  hooks  round  the  posterior  or 
axillary  border  of  the  subscapularis  muscle,  and  passing 
through  a  quadrilateral  space  formed  by  the  triceps,  teres  major, 
humerus  and  scapula,  it  reaches  the  dorsal  aspect  of  the  latter 
bone  and  divides  into  two  branches.  (Fig.  3,  c.)  The  upper  of 
these,  after  giving  a  small  cutaneous  nerve  (a  s.)  to  the  skin  over 
the  shoulder-joint,  breaks  into  numerous  branches  {d,)  which 
sink  into  the  substance  of  the  deltoid  muscle.  The  lower 
branch,  passing  under  cover  of  the  deltoid  near  its  insertion,  is 
continued  downwards,  and  emerging  qn  the  radial  side  of  the 
dorsal  aspect  of  the  humerus  it  gives  cutaneous  filaments  to  the 
skin  of  this  region,  as  well  as  to  that  over  the  elbow-joint, 
whilst  a  few  twigs  may  be  traced  to  the  skin  over  the  radius. 

But  in  addition  to  these  large  nerves  of  the  flipper  there 
is  yet  another  branch  (Fig.  2,  t.  c.)  of  small  size,  which  springing 
from  the  deep  aspect  of  the  brachial  plexus,  passes  downwards 
to  supply  the  skin  on  the  palmar  surface  of  the  upper  arm 
and  upper  part  of  the  forearm.  From  the  fact  that  it  is  some- 
what more  liberal  in  its  distribution  of  branches  to  the  ulnar 
than  to  the  radial  side  of  the  flipper,  I  am  inclined  to  think 
that  this  nerve  is  the  representative  of  the  internal  cata* 
neous. 

The  description  which  I  have  given  of  these  nerves  does 
not  coincide  with  the  brief  account  given  of  them  by  Swan 
in  his  work  upon  The  Comparative  Anatomy  of  the  Nervous 
System,  and  it  is  only  after  the  most  careful  study  of  my  several 
dissections  tliat  I  venture  to  differ  with  so  distinguished  an 
anatomist.  It  may  be  as  well  that  I  should  point  out  wherein 
we  disagree.  In  his  description  he  states  that  from  the 
brachial  plexus  there  proceeds  a  nerve  similar  to  the  musculo* 
spiral,  also  an  ulnar  and  a  small  median,  and  he  affirms  that 
there  is  no  circumflex,  neither  an  internal  nor  an  external 
cutaneous.  Now  the  nerve  which  I  take  to  be  the  median 
(medio-ulnar) — ^and  I  think  that  its  position  in  the  middle 
line  of  the  palmar  aspect  of  the  flipper  bears  me  out  in  my 
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opinion — ^is  as  large,  if  not  larger,  than  any  of  the  others,  and 
has  in  some  respects  a  more  extensive  distribution.  The  ulnar, 
on  the  other  hand,  is  only  represented  by  the  branches  which 
proceed  from  this  nerve  to  the  ulnar  side  of  the  forearm,  and  also 
by  another  branch  having  a  similar  distribution  which  springs 
from  the  musculo-spiral.  That  a  weU-marked  circumflex  is 
present  will,  I  think,  be  at  once  apparent  by  the  study  of  the 
course  of  the  nerve  to  which  I  have  given  this  name,  and  also 
from  the  fact  that  its  main  distribution  is  in  the  substance 
of  the  deltoid  muscle.  It  is  satisfactory  to  find,  however, 
that  I  am  supported  on  this  point  by  the  evidence  of  Carte 
and  Macalister,  who  incidentally  mention  (Phil.  Trans,  Vol. 
CLvni.  1868,  p.  200)  that,  in  the  course  of  their  dissection  of  the 
muscles  of  the  Balaenoptera  rostrata^  they  observed  the  circum- 
flex nerve  with  the  accompanying  artery  passing  through  the 
usual  quadnlateral  space. 

Dorsal  Nerves. — The  dorsal  nerves  equal  in  number  the 
dorsal  vertebr®.  In  the  costal  region  of  the  vertebral  column 
the  foramina  through  which  the  spinal  nerves  pass  occupy 
different  planes  in  the  anterior  and  posterior  parts.  In  describ- 
ing the  superior  divisions  of  the  dorsal  nerves,  therefore,  it  will 
be  convenient  to  deal  first  with  those  in  the  anterior  part  of 
the  region,  and  then  with  those  in  the  posterior. 

Superior  Primary  Divisions  of  the  Dorsal  Nerves. — In  the 
anterior  dorsal  region  the  superior  divisions  of  each  of  the 
spinal  nerves,  on  reaching  the  upper  surface  of  the  vertebral 
laminae,  divide  into  three  branches: — (1)  A  well-marked  external 
branch,  which,  following  the  course  of  the  transverse  process  of 
the  vertebra  posterior  to  it,  passes  directly  outwards  to  supply 
the  skin  covering  the  back,  giving,  at  the  same  time,  however, 
several  branches  to  the  extensor  muscle.  (2)  An  internal  branch, 
which  runs  upwards  and  inwards  in  the  direction  of  the  spinous 
processes.  This  nerve  is  chiefly  for  the  supply  of  the  great  mass 
of  muscle  through  which  it  passes,  but  a  few  filaments  reach  the 
skin.  (3)  An  extremely  slender  communicating  branch,  which, 
passing  over  the  vertebral  lamina,  joins  the  superior  division 
next  in  order.  These  connecting  links  between  the  various 
superior  divisions  are  not  present  in  every  case,  and  can  only 
be  discovered  by  very  careful  dissection. 
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In  the  posterior  dorsal  region  the  removal  of  the  extensor 
muscle  displays  the  spinal  nerves  dividing  into  their  superior 
and  inferior  divisions. 

The  superior  divisions  give  off  well-okarked  communicating 
branches  which,  passing  over  the  laminie,  connect  the  various 
superior  trunks  with  each  other.  Here  therefore  the  great 
superior  longitudinal  plexus  or  cord,  so  characteristic  of  the 
Cetacea,  may  be  considered  to  begin.  In  the  cervical  and 
anterior  dorsal  regions  a  tendency  to  a  similar  arrangement 
is  shewn,  but  only  towards  the  middle  of  the  doisal  region  is 
it  thoroughly  established. 

Fig.  6. 


■,  lemtoramu  tvig  to  the  mtemal 

The  internal  and  external  branches  of  the  superior  divisionB 
are  well  marked,  and  similar  in  their  distribution  to  those  of 
the  anterior  part  of  the  region.  The  internal  branch,  however, 
is  in  many  cases  reinforced  by  a  fasciculus  which  comes  off  lioin 
the  superior  trunk  next  in  series. 

Inferior  Primary  Divisions  of  the  Dorsal  Iferves. — These 
nerves  are  accompanied  outwards  for  some  distance  by  pro- 
cesses of  rete  mirabile  prolonged  through  the  intervertebral 
foramina.  The  greater  portion  of  the  first  nerve,  and  like- 
wise, in  some  cases,  a  slender  fasciculus  from  the  second,  enter 
into  the  formation  of  the  brachial  plexus.  In  their  course 
towards  the  inferior  aspect  of  the  animal,  the  inferior  divisions 
of  the  dorsal  nerves  accompany  the  intercostal  blood-vessels 
and  constitate  the  intercostal  nerves.  At  first  they  lie  upon 
the  pleura,  hut  afterwards  they  pursue  their  way  downwards 
between  the  intercostal  muscles.  In  their  distribution  they 
are  similar  to  the  same  nerves  in  other  mammals.  They  give 
small  lateral  cutaneous  twigs  and  branches  of  supply  to  the 
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intercostal  muscles.  The  anterior  three  or  four  end  in  the 
triangulariB  stemi  muscle,  whilst  the  others  are  continued 
on  between  the  abdominal  muscles,  which  they  supply,  to 
end  in  minute  terminal  twigs  to  the  skin  of  the  belly. 

Lumbo-Caudal  Nerves.  (Fig,  4.) — The  arrangement  of  the 
spinal  nerves  posterior  to  the  dorsal  region  is  different  from 
that  of  any  other  group  of  mammals  (excepting  perhaps  the 
Sirenia),  with  which  I  am  acquainted.  The  final  pause  of 
this  is  obvious;  it  is  an  adaptation  of  the  nervous  system 
to  meet  peculiarities  in  the  muscular  construction  of  these 
animals.  In  other  mammals  powerful  inferior  or  posterior 
extremities  are  developed  for  the  purpose  of  locomotion^  and 
consequently  the  inferior  divisions  of  the  lumbar  and  sacral 
nerves  are  large,  and  thrown  into  plexuses  to  supply  the 
muscles  which  act  upon  these  limbs.  In  the  Cetacea,  on  the 
other  hand,  lower  limbs  are  absent,  so  far  as  locomotion  is 
concerned.  The  tail  is  the  great  organ  of  locomotion,  and  the 
muscles  which  work  it  are  developed  equally  above  and 
below  the  transverse  processes  of  the  vertebral  column — the 
former  constituting  the  great  extensor,  and  the  latter  the 
great  flexor  muscle  of  the  taiL  In  consequence  of  this,  the 
superior  divisions  of  the  spinal  nerves  have  as  important  a  part 
to  play  in  the  supply  of  the  muscles  of  the  chief  organ  of 
locomotion  as  the  inferior,  seeiDg.  that  it  falls  to  them  to  give 
branches  to  the  extensor  muscle,  whilst  the  latter  have  as  their 
office  the  supply  f  the  flexor  muscle.  The  result  of  this  is, 
that  the  superior  and  inferior  divisions  of  the  lumbo-caudal 
spinal  nerves  in  the  Cetacea  are  very  nearly  of  equal  size. 

To  insure  the  proper  nervous  supply  of  these  great  muscular 
masses,  two  large  longitudinal  cords  or  trunks  are  formed  by 
the  spinal  nerves^  on  each  side  of  the  vertebral  column-— one 
superior  and  formed  *by  the  junction  of  the  various  superior 
divisions,  and  the  other  inferior  and  formed  by  the  union  of 
the  inferior  divisiona  The  first  of  these  commences,  as  we  have 
already  seen,  in  the  middle  of  the  dorsal  region,  but  even  in 
the  anterior  dorsal  and  cervical  regions  a  tendency  to  a  similar 
arrangement  is  exhibited.  The  inferior  longitudinal  cord 
begins  further  back  at  a  point  corresponding  to  the  11th 
lumbo-caudal  vertebra.    Posterior  to  this  point,  therefore^  we 
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have  four  large  nervous  cords  arranged  parallel  to  the  vertebral 
column — ^two  of  which  are  superior  and  situated  one  on 
each  side  of  the  vertebral  spines,  and  two  inferior  and  placed 
one  on  each  side  of  the  vertebral  bodies  below  the  transverse 
processes.  They  are  continued  back  to  the  tail,  and  their  chief 
function  is  to  supply  the  four  great  muscular  masses  which  act 
'  upon  the  tail.  Sensory  filaments,  however,  are  also  given  to 
the  skin* 

So  much  for  the  general  arrangement  of  the  lumbo-caudal 
spinal  nerves.  It  remains  for  me  to  describe  their  more  special 
distribution. 

In  the  porpoise  the  lumbo-caudal  nerves  are  twenty-five  in 
number  on  each  side,  and  they  issue  from  the  spinal  canal  by 
passing  upwards  between  the  laminsB  on  a  plane  superior  to 
the  transverse  processes.  By  removing  the  extensor  muscle, 
therefore,  they  are  displayed  dividing  into  their  superior  and 
inferior  divisions.  We  will  first  follow  out  the  superior  di- 
visions. 

Superior  Primary  Divisions  of  the  Lumho-caudal  Nerves, 
(Fig.  4.) — In  the  anterior  part  of  the  lumbo-caudal  region  the  su- 
perior divisions  of  the  spinal  nerves  have  an  arrangement  very 
similar  to  that  exhibited  in  the  posterior  dorsal  region.  Each 
trunk  gives  off  a  well-marked  communicating  branch,  which, 
joining  the 'superior  division  next  in  order,  forms  and  continues 
back  the  longitudinal  plexus.  This,  as  we  trace  it  backwards, 
assumes  more  and  more  the  character  of  a  lai^e  nervous  cord, 
and  the  further  we  follow  it  the  greater  becomes  the  proportion 
of  fibres  it  receives  from  each  superior  division,  until  the  greater 
part  of  these  nerves  enter  it.  The  last  joins  it  at  a  point  cor- 
responding to  the  interval  between  the  25th  and  2()th  lumbo* 
caudal  vertebrae. 

The  cord  {N)  thus  formed  is  of  a  considerable  size  and  is  at 
first  situated  upon  the  laminae  of  the  vertebrae;  afterwards,  how- 
ever, it  lies  upon  the  vertebral  bodies.  It  is  flat  and  band-like 
in  form  and  its  nerve-fasciculi  are  held  very  loosely  together ; 
indeed  it  has  the  appearance  of  being  composed  of  a  number  of 
small  nerves  running  parallel  to  each  other  and  held  together 
by  a  small  amount  of  lax  connective  tissue. 

As  it  passes  onward  towards  the  tail,  from  the  point  at 
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which  the  last  superior  division  joins  it,  it  gradually  diminishes 
in  size,  owing  to  the  various  fasciculi  of  which  it  is  composed 
leaving  it  in  the  form  of  nerves.  For  a  short  distance  anterior 
to  the  tail,  and  in  the  tail,  it  lies  between  the  extensor  tendons 
and  in  a  tube  of  dense  fascia,  which  is  attached  to  the  vertebral 
bodies. 

Branches. — Anterior  to  the  18th  lumbo-caudal  vertebra  the 
branches  which  are  given  off  by  the  superior  longitudinal  plexus 
are  similar  to  those  we  have  seen  coming  off  from  the  superior 
divisions  in  the  posterior  dorsal  region,  but  they  differ  some- 
what in  their  distribution.  The  internal  branches  (a.)  have  an 
oblique  direction  inwards  and  backwards  towards  the  spinous 
processes,  and  they  supply  the  skin  and  muscles  of  the  back. 
Opposite  the  dorsal  fin,  where  the  cutaneous  surface  is  more 
extensive,  the  internal  branches  are  slightly  larger  than  else- 
where. Each  internal  branch  receives  as  a  rule  a  reinforcing 
twig  (A.)  from  the  superior  division  next  in  series.  The  external 
hxtnches  (e.)  are  very  numerous,  and  frequently  two  or  even  more 
proceed  from  each  superior  division,  or  from  the  cord  at  the 
point  where  this  enters  it.  They  are  directed  outwards  and 
backwards  and  are  mainly  destined  for  the  supply  of  muscle. 
In  addition  to  these  there  is  frequently  to  be  seen  a  slender 
twig  which  passes  obliquely  outwards  over  the  transverse  pro- 
cess to  end  in  the  skin. 

Posterior  to  the  18th  lumbo-caudal  vertebra  the  branches 
are  not  so  numerous,  and  they  come  off  directly  from  the  cord 
and  not  necessarily  firom  the  point  at  which  the  superior 
division  enters.  The  internal  branches  receive  no  reinforcing 
twigs,  are  very  long  and  oblique  in  their  course,  and  continue 
backwards  alongside  of  the  cord  for  a  considerable  distance 
before  diverging  to  attain  their  various  points  of  distribution. 
The  external  branches  are  also  few  in  number  and  small  in 
size. 

If  we  now  trace  the  superior  longitudinal  cord  into  the  tail 
we  find  that  it  continues  back  in  a  straight  course  close  to  the 
middle  line  and  is  lost  near  the  notch  in  the  posterior  margin 
of  the  tail.  It  gradually  diminishes  in  size  by  giving  off  slender 
twigs  (R)  from  its  outer  edge  to  the  skin  on  the  superior  aspect 
of  its  own  side  of  the  tail.     These  are  very  numerous,  and  can 
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only  be  traced  outwards  for  a  short  distance  owing  to  the  densa 
tissue  through  which  they  pass.  In  the  diagram  they  are  ex- 
aggerated both  in  length  and  size. 

Inferior  Primary  Divisions  of  the  Lumbo-caudal  Nerves 
(Fig.  4,  d.). — These  run  outwards  and  downwards  over  the  inter- 
vertebral discs  and  disappear  between  the  transverse  propessea. 
To  expose  thexn  further  the  transverse  processes  require  to  be 
snipped  through  with  the  bone-pliers  close  to  their  roots  and 
removed.  This  is  the  method  I  adopted  in  the  dissection 
figured  in  Fig.  4. 

The  first  eleven  of  the  inferior  divisions  of  the  lumbo* 
caudal  nerves  correspond  to  the  lumbar  and  sacral  nerves  in 
man,  but  they  do  not  join  in  such  a  manner  that  we  can  divide 
them  into  two  distinct  plexuses — :a  lumbar  and  a  sacral. 

As  they  pass  between  the  transverse  processes  each  of  the 
anterior  seven  nerves  gives  off  a  well-marked  branch  which^ 
joined  by  a  twig  from  the  sympathetic  (P),  communicates  with  its 
fellow  branches  in  such  a  way  as  to  form  a  series  of  loops  under 
the  transverse  processes.  Some  filaments  pass  from  this  into 
the  substance  of  the  flexor  nuiscle.  The  main  tnmks  then  pass 
onwards  into  the  substance  of  the  flexor  muscle,  and  there  they 
commuDLcate  with  each  other  in  a  plexiform  manner.  The 
four  anterior  nerves,  piercing  and  giving  numerous  branches  to 
this  muscle,  are  continued  on  to  the  inferior  aspect  of  the 
animal  between  the  abdominal  muscles^  and  end  partly  in 
muscle  and  partly  in  skin.  The  remaining  three  nerves,  curv- 
ing backwards  in  the  substance  of  the  flexor  muscle,  terminate 
in  it. 

We  may  compare  the  distribution  of  these  nerves  to  that 
of  the  Uio-hypogastric,  ilio-iuguinal,  and  the  muscular  branches 
to  the  psoas  muscle  in  the  human  body. 

The  8th,  9th  and  10th  himbo-caudal  nerves,  with  a  large 
branch  from  the  11th,  and  anteriorly  a  minute  twig  from  the 
7th,  unite  to  form  the  genital  or  internal  pudic  nerve  (M).  The  * 
8th,  10th  and  11th  likewise  each  give  one  or  two  twigs  to  the 
flexor  muscle.  But  as  there  is  no  lower  limb,  the  branches 
corresponding  to  the  genito-crural,  obturator,  external  cutaneous, 
anterior  crural,  and  sciatic  are  absent.  The  internal  pudic  is 
well  represcDted. 
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ItUemal  Pudic  or   Genital   Nerve. — This  is  a  Very  large 
nerve.     It  pierces  the  flexor  muscle  and,  giving  off  no  branches 


on  the  way,  it  emerges  at  the  level  of  the  pelvic  bone,  and 
immediately  divides  into  two  divisions  from  which  itA  numerous 
branches  proceed. 

In  the  female  two  or  three  slender  branches  pass  backwards 
to  supply  the  muscles  conuected  with  the  anus  and  the  sur- 
rounding skin.  Others,  directed  forwards,  ramify  on  the  vaginal 
wall  and  bladder  and  there  communicate  with  sympathetic  fila- 
ments  from  the  hypogastric  plexus.  A  laige  branch,  taking  a 
deep  course  under  (wver  of  the  pelvic  bone,  can  be  traced  into 
the  clitoris,  whilst  others,  also  under  cover  of  the  bone,  supply 
the  genital  muscles  attached  to  it.  Two  or  tlkree  branches  of 
good  size  pass  superficially  to  the  pelvic  bone,  and  end,  some  in 
the  mammary  gland,  and  others  in  the  sktn  of  the  labia  majors, 
I  have  not  had  an  opportunity  of  dissecting  this  nerve  in  the 
male,  and  consequently  cannot  give  an  account  of  its  distribution. 

From  the  11th  lumbo-caudal  nerve  backwards  all  the  in- 
ferior divisions  join  to  form  the  inferior  longitudinal  cord  or 
plexus  (0)  which  soon  acquires  a  considerable  size.  In  form  and 
constitution  it  closely  resembles  the  superior  cord.  At  first  it 
lies  imtnediately  below  the  transverse  processes  on  the  sides  of 
the  vertebral  bodies,  but  as  we  trace  it  back  we  find  that  it 
gradually  converges  towards  the  middle  line  until  it  lies  along 
VOL.  XI.  15 
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the  under  surface  of  the  columa.  The  last  nerve  enters  it 
opposite  the  26th  lumbo-caudal  vertebra^  and  irom  this  point 
backwards  it  gradually  diminishes  in  siza 

Branches. — ^These  are  very  numerous,  and  as  a  rule  they 
come  off  from  the  points  where  the  cord  is  joined  by  the  various 
inferior  divisions.  They  supply  both  muscle  and  skin,  and  are 
so  variable  that  classification  is  impossible.  Very  frequently, 
as  is  seen  in  the  diagram,  they  join  in  a  complicated  plexiform 
manner  in  the  substance  of  the  flexor  muscle  before  proceeding 
to  their  various  points  of  distribution.  One  branch,  which 
comes  off  opposite  each  intervertebral  disc,  passes  upwards 
between  the  next  two  transverse  processes  to  end  in  the  ex- 
tensor muscle. 

In  the  tail  the  inferior  longitudinal  cord  lies  between  the 
flexor  tendons,  and  ends  by  giving  branches  to  the  skin  on  the 
inferior  aspect  of  its  own  side.  Its  distribution  in  the  tail 
therefore  is  precisely  similar  to  that  of  the  superior  cord  on  the 
superior  aspect. 

In  Swan's  work  already  quoted  (p.  xxx.)  I  find  the  following 
remarks  upon  the  tail  of  the  porpoise :  "  The  large  nerves  of 
the  tail  exist  more  for  conferring  muscular  power  than  sen- 
sation, and  the  portions  reaching  the  broad  flat  surface  on  the 
extremity  are  very  diminutive ;  it  therefore  appears  that  the 
tail  is  not  only  a  powerful  instrument  for  motion,  but  for  de- 
fence, and  that  it  is  capable  of  giving  hard  blows  without 
feeling  much  pain ;  it  is  therefore  furnished  with  just  as  much  4 
nerve  as  will  produce  a  moderate  perceptiveness,  something  ^ 
between  that  of  skin  aijid  horn.''  j 

Whilst  the  dense,  hard  texture  of  the  tail  suggests  the  idea 
of  a  very  unfeeling  structure,  I  cannot  believe  that  it  is  so  very 
devoid  of  sentiency  as  to  be  compared,  even  for  a  moment,  with 
horn.   The  nerves  which  supply  it  are  not  so  "very  diminutive;"        ^ 
they  are  four  in  number,  and  in  a  porpoise,  3  or  4  ft  in  length, 
each  is  fully  as  large  ^s  the  phrenic  in  man.    The  tail  is  doubt- 
less a  powerful  instrument  for  defence,  and  is  perhaps  capable 
of  giving  hard  blows  with  less  pain  than  any  other  part  of  the 
body ;  but  still  to  render  it  an  efficient  organ  for  progression,       . 
it  must  be  possessed  of  a  sentient  function,  capable  of  conveying      1 
to  the  nerve-centres  an  exact  impression  of  how  it  stands  in 
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relation  to  the  water — the  resisting  medium  against  which  it 
8trike& 

The  aquatic  life  of  the  cetacea  and  their  close  resemblance 
in  external  form  to  the  fish  naturally  suggest  the  probability 
of  there  being  many  affinities  in  the  anatomy  of  these  two 
great  classes  of  animals — more  especially  in  the  structure  of 
their  great  propeller,  the  tail,  and  the  apparatus  which  works 
it. .  With  the  object  of  ascertaining  how  far  this  is  true  in 
regard  to  the  nervous  arrangements,  I  have  made  several  dis- 
sections of  fish. 

The  spinal  nervous  system  of  the  fish  is  arranged,  upon  a 
totally  different  plan.  The  spinal  cord  is  continued  back  to 
the  tail,  where  it  ends  in  a  bulb.  The  spinal  nerves  are  in  the 
form  of  superior  and  inferior  fasciculi,  and  each  of  these  divides 
into  two.  One  of  the  branches  of  the  inferior  division  joins 
with  one  of  the  branches  of  the  superior  division,  and  the  re- 
sultant nerve  goes  to  the  muscles  and  skin  on  the  lower  aspect 
of  the  vertebral  column.  The  nerve  which  goes  to  the  parts 
above  the  column  is  formed  by  the  second  branch  of  the  in- 
ferior division,  communicating  with  the  first  branch  of  the 
superior  division,  and  then  joining  with  the  second  branch  of 
the  superior  division  next  in  order. 

From  the  spinal  cord  passing  so  far  back  in  the  vertebral 
canal  it  follows  that  the  nerves  which  supply  the  caudal  appa- 
ratus have  a  very  short  course  to  run  from  their  points  of  origin 
to  their  distribution.  Very  different  is  the  arrangement  of  the 
corresponding  nerves  in  the  cetacea,  which  spring  from  the 
lumbar  enlargement  at  a  point  far  in  front  of  their  areas  of 
distribution.  In  the  fish,  therefore,  there  is  no  need  for  the 
longitudinal  cords  for  the  purpose  of  conveying  the  nerves  to 
the  caudal  apparatus — the  spinal  cord  itself  is  their  substitute. 

In  the  fish,  however,  the  caudal  region  is  not  supplied  by 
the  spinal  nerves  alone.  From  the  vagus  nerve  as  it  passes 
through  the  foramen  in  the  lateral  occiptal  bone  one — some- 
times two — nerves  are  given  off.  In  the  Haddock  this  branch 
reaches  the  surface  at  a  higher  level  than  the  pectoral  fin  by 
passing  outwards  under  the  scapular  arch.  It  is  then  con- 
tinued back  to  the  tail  in  the  groove  between  the  upper  and 
lower  masses  of  muscle  and  immediately  beneath  the  skin,  to 
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which  it  gives  slender  filaments.  In  the  Skate  it  has  different 
relations.  It  passes  backwards  under  cover  of  the  dorsal 
muscles  and  in  contact  with  the  spinal  nerves,  and  it  only 
becomes  superficial  in  the  caudal  region.  It  gives  twigs  to 
both  muscle  and  skin,  but  apparently  does  not  communicate 
with  the  spinal  nerves,  although  in  close  relation  to  them. 

I  do  not  consider  that  this  nerve  in  the  fish  can  be  regarded 
as  presenting  any  affinity  to  the  caudal  trunks  of  the  cetaoca. 

EXPLANATION  OF  PLATE  VIL 

Fig.  1.  Diagnuumatic  sketch  of  the  spinal  cord  of  the  porpoise  with 
the  nerve-roots  spread  out  C,  Cervical  nerve-roots;  A  Dorsal 
nerve-roots;  Z.{7.  Lombo-caudal  nerve-roots.  The  great  length,  and 
tortuosity  of  these  may  be  observed.  ft  The  filum  terminale ;  «r. 
Superior  roots ;  tr«  Inferior  roots ;  it  will  be  seen  how  lai^e  these 
are  in  comparison  vrith  the  superior  roots ;  «.  Superior  branch  of  the 
spinal  nerve ;       i.    Inferior  branch  of  the  spinal  nerve. 

Fig,  2.  Cervical  nerves  of  the  porpoise.  1(7.  Ist  cervical  nerve; 
8(7.  8th  cervical  nerve ;  12>.  1st  dorsal  nerve ;  SD,  Superior  divi- 
sions of  the  cervical  nerves;  fnib.  Branches  to  the  muscles  of  the 
neck;  c.  The  mnseulo-cutaneoos  branches  which  correspond  to  the 
superficial  nerves  of  the  cervical  plexus  in  man ;  A.  hypoglossal  nerve; 
dn,  Bescendens  noni :  9€u  Branches  to  the  scalenus  inferior ;  p. 
Phrenic;  C9,  Branch  to  costo-scapular;  A,  Anterior  cord;  M. 
Median  cord ;  P,  Posterior  cord ;  «t.  6ui>rascapular ;  «.  Branches 
to  the  Bubsoipularis  muscle ;  pc.  To  panniculus  camosus ;  t.  To 
teres  mtgor;  a.  Circumflex;  ic  Internal  cutaneous;  titt. 
Musculo-spiral ;  u  and  xn.  Medio-ulnar ;  g.  To  the  muscles  in  the 
neighbourhood. 

Fig.  3.  The  distribution  of  the  musculo-spiral  and  circumflex  nerves 
on  the  dorsum  of  the  flipper.  («)  Dorsal  surface  of  scapula;  (A)  Of 
humerus;  (r)  Of  radius;  (u)  Of  ulna;  (a)  Teres  mi^or  muscle 
(f>)  Triceps ;  {c)  Circumflex  appearing  through  the  quadrilateral  space 
ia)  Its  branches  to  the  deltoid ;  («f .  jt  To  we  skin  of  the  shoulder 
(m)  Musculo-spiral  appearing  through  the  triangular  space,  and  giving  a 
branch  to  the  triceps,  and  then  spreading  out  in  branches  over  the  lower 
end  of  the  humerus,  and  the  ulna. 

Fig.  4.  IMagram  of  the  Lumbo^^udal  nerves.  {g).  Transverse  pro- 
cesses of  the  vertebrae;  (k)  Chevron  bones;  (c)  Spinal  nervea; 
(a)  Internal  branches  of  the  superior  divisions ;  (J))  Reinforcing  twigs 
to  these  from  the  superior  division  next  in  order;  {e)  External 
branches  of  the  superior  divisions ;  {N)  Superior  longitudinal  cord ; 
(d  and/)  Inferior  divisions  of  the  spinal  nerves  passing  down  between  the 
transverse  {HTOcesses.  (P)  Twigs  from  the  sympathetic.  Noe.  1  to  11 
indicate  the  eleven  nerves  which  correspond  to  the  lumbar  and  sacral 
nerves  in  man;  (Jf )  Internal  pudic  or  genital  nerve ;  (O)  Inferior 
longitudinal  cord;       (B)    Nerves  to  the  tul. 

The  Explanation  of  the  wood-cuts,  figures  5,  6,  7,  is  given  in  the  Text 

The  above  illustrations  are  taken  from  drawings  executed  by  Dr  J.  H. 
Seott,  Demonstrator  of  Anatomy  in  the  University  of  Edinburgh,  and  I  am 
deeply  indebted  to  him  for  Uie  care  he  bestowed  upon  them. 


NOTES  OP  A  CASE  OP  DOUBLE  AORTIC  ARCH.  By 
M.  Watsok,  M.D.,  Professor  of  Anatomy^  The  Owens  CoUegej 
ManehesUr.    (Plate  YIII.) 

Cases  in  which  there  is  persistence  throughout  life  of  both 
the  vasculax  arches  by  the  union  of  which  the  aorta  is  formed 
during  intra-uterine  existence  are  sufficiently  uncommon  to 
justify  the  publication  of  one  which  I  had  an  opportunity 
of  examining  during  last  winter  session.  The  case  presents 
moreover  some  points  of  interest  which  do  not  appear  to  have 
been  observed  in  those  which,  most  closely  resembling  it,  have 
been  previously  described. 

This  unusoal  arrangement  of  parts  occurred  in  the  body  of  a 
female  between  seventy  and  eighty  years  of  age  which  had  been 
sent  to  the  anatomical  room  of  the  CoUege  for  purposes  of 
dissection.  On  opening  the  chest  the  trunk  of  the  ascending 
thoracic  aorta,  instead  of  passing  upwards  and  to  the  right,  was 
observed  to  ascend  exactly  in  the  middle  line,  lying  parallel  to  and 
directly  in  front  of  the  trachea  for  a  distance  of  three  inches,  and 
then  to  subdivide  into  two  branches  of  unequal  size.  This  trunk, 
which  formed  the  ascending  portion  of  the  double  arch,  to  be 
presently  described,  was  situated  entirely  within  the  sac  of  the 
pericardium.  In  frorU  of  its  origin  from  the  base  of  the  heart 
was  the  trunk  of  the  pulmonary  artery  which  almost  at  once 
passed  to  its  left  side,  whilst  hehmd  it  was  the  right  branch  of  the 
same  vessel,  together  with  the  left  innominate  vein,  which,  crossing 
from  left  to  right  to  unite  with  its  fellow,  intervened  between  the 
ascending  aorta  and  the  trachea.  On  its  right  side  were  the  right 
innominate  vein  and  superior  vena  cava,  and  on  its  Ufi  the  bifur- 
cation of  the  pulmonary  artery.  Of  the  two  branches  into  which 
this  trunk  divided,  one,  the  calibre  of  which  was  about  four  times 
that  of  the  other,  passed  backwards  lying  to  the  right  of  the  trachea 
and  oesophagus,  arched  over  the  right  bronchus,  and  gained  the 
middle  Ime  of  the  dorsal  vertebna,  where  it  became  continuous  with 
the  descending  thorado  aorta.  This  branch  along  with  the  ascending 
aorta  thus  formed  a  true  right  aortic  arch,  the  relations  of  which 
as  respects  its  transverse  portion  were  the  following.  It  passed 
almost  transversely  backwards,  extending  from  the  trachea  in 
front  to  the  middle  line  of  the  anterior  sur&ce  of  the  body  of  the 
fourth  dorsal  vertebra  behind,  and  was  crossed  on  its  outer  side 
from  before    backwards    by  ^e  right  pneumogastrio  nerve,    the 
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right  innominate  vein,  and  close  to  its  termination  bj  the  Tena 
azygos  major,  which  turned  forward  at  this  point  to  open  into  the 
superior  vena  cava.  Its  terminal  portion  was  moreover  invested  by 
the  light  pleural  membrane.  To  its  inner  side  were  the  trachea, 
oesophagus,  and  right  recurrent  laryngeal  nerve,  the  last  of  which 
ascended  in  the  internal  between  the  two  tubes.  In  the  cancamty 
of  the  arch  were  situated  the  commencement  of  the  superior  vena 
cava  and  the  right  recurrent  nerve,  whilst  from  its  convexity  the 
following  branches  were  given  off  from  before  backward.  1.  The 
Right  common  carotid  which  was  given  off  half  an  inch  from  the 
bifurcation  of  the  ascending  aorta,  and  passed  obliquely  upward 
and  backward  to  gain  its  usual  position  in  front  of  the  cervical 
portion  of  the  vertebral  column.  2.  The  rigJU  vertebral  artery 
which,  separated  at  its  origin  by  half  an  inch  from  the  carotid 
artery,  passed  upwards  and  backwards,  lying  parallel  to  and  behind 
that  vessel  as  high  as  the  fourth  cervical  vertebra,  into  the 
foramen  transversarium  of  which  it  entered.  3.  The  Right 
Subdavicm,  which,  arising  from  the  highest  point  of  the  arch, 
and  being  closely  applied  at  its  origin  to  that  of  the  right  vertebral 
artery,  arched  upwards  and  outwards  t9  gain  the  upper  sui&ce  of 
the  first  rib  over  which  it  passed.  On  reaching  the  neck  it  gave 
off  from  its  first  part  the  internal  mammary  and  inferior  thyroid 
arteries,  and  from  its  second  the  superior  intercostal  and  deep 
cervical  branches.  The  transverse  cervical  and  supra  scapular 
arteries  had  been  in  all  probability  givon  off  from  its  tliird  portion; 
but  this  I  could  not  determine  by  reaaon  of  the  latter  part  of  the 
artery  having  been  removed  previous  to  my  examination  of  the 
dissection. 

Passing  now  to  the  examination  of  the  leji  aortic  arch,  it  was 
seen  to  be  composed  of  two  parts,  an  cmterior  pervioue  represented  by 
the  smaller  of  the  two  trunks  into  which  the  ascending  aorta  divided, 
and  a  posterior  impervious,  represented  by  a  thick  fibrous  band  con- 
tinuous in  front  with  the  arterial  portion  of  the  arch  and  attached 
posteriorly  to  the  commencement  of  the  descending  thoracic  aorta. 
These  two  parts  thus  completed  an  aortic  arch  lying  to  the  le/t  of 
the  trachea  and  OBSophagus^  which  corresponded  exactly  to  the  arch 
of  the  opposite  side  already  described,  as  may  be  clearly  seen  by 
considering  its  relations.  On  its  outer  side  the  arterial  portion  of 
the  arch  was  crossed  from  before  backwards  by  the  left  innomi- 
nate vein  and  left  pneumogastric  nerve,  whilst  the  terminal  im- 
pervious portion,  measuring  five-eighths  of  an  inch  in  length,  and  three- 
eighths  in  breadth,  was  invested  by  the  left  pleural  membrane.  To 
the  inner  side  of  the  arch  were  the  trachea  and  oesophagus,  the 
former  lying  in  relation  to  its  pervious,  the  latter  to  its  inpervioua 
portion,  whilst  the  left  recurrent  nerve  ascended  in  the  internal 
between  them.  In  the  concavity  of  the  arch  was  situated  the 
ductus  arteriosus,  represented  by  a  stout  fibrous  cord  attached 
below  immediately  to  the  left  of  the  bifrircation  of  the  trunk  of  the 
pulmonary  artery  and  blending  above  with  the  commencement  of 
the  iipporvious  portion  of  left  aortic   arch.     The   recurrent  nerve 
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hooked  round  the  arch  lying  to  the  outer  side  and  in  contact  with 
the  ductus  arteriosua.  From  the  convexity  of  the  arch  the  following 
branches  were  given  off  from  before  backwards.  1.  The  Left  Copwum 
Carotid,  which  arose  half  an  inch  from  the  bifurcation  of  the 
ascending  aorta,  and  passed  upwards  and  backwards  to  gain  its 
usual  position  at  the  root  of  the  neck.  2.  A  very  small  aartery 
which  exactly  corresponded  in  its  place  of  origin  to  that  of  the 
vertebral  artery  frt>m  the  arch  of  the  opposite  side.  It  passed 
obliquely  upwards  and  backwards,  and  followed  a  precisely  similar 
coiurse  to  that  of  the  right  vertebral,  lying  behind  and  parallel  to 
the  left  common  carotid  It  was  pervious  for  only  half  an  inch 
from  its  origin  and  degenerated  into  a  delicate  fibrous  cord  which^ 
upon  careful  dissection,  could  be  traced  upwards  lying  upon  the 
prevertebral  feiscia  covering  the  longus  colli  and  rectus  major  muscles 
as  high  as  the  4th  cervi<»d  vertebra,  where  it  again  became  per- 
vious, and  entering  the  foramen  transversarium  of  the  3rd  cervical 
vertebra,  terminated  by  joining  the  trunk  of  the  left  vertebral  artery, 
to  be  presently  described.  3.  The  left  eubdoman  artery^  which 
arched  upwards  and  outwards  to  gain  the  upper  surface  of  the 
first  rib,  over  which  it  passed.  From  the  first  part  of  this  artery 
in  the  neck  were  given  off  as  distinct  branches  from  its  anterior 
aspect,  the  internal  mammary,  the  inferior  thyroid,  and  trans- 
versalis  colli  arteries,  whilst  from  its  posterior  aspect  the  left  vert^ 
oral  arteory  took  its  rise.  The  latter  branch,  normal  in  respect  to 
size,  entered  the  foramen  transversarium  of  4^e  6th  cervical 
vertebra,  beyond  which  its  course  and  relations  presented  nothing 
remarkable. 

The  descending  thoracic  aorta  formed  by  the  union  of  the  right  and 
left  aortic  arches  in  front  of  the  body  of  the  fourth  dorsal  vertebra, 
passed  downwards  lying  directly  in  front  of  the  vertebral  column,  as 
low  as  the  ninth  dorsal  vertebra,  where  it  passed  to  the  left  of  the 
middle  line  and  disappeared  from  the  chest  by  passing  through  the 
diaphragm. 

From  what  has  been  said  it  wiU  be  observed  that  the  right  and 
left  aortic  arches  were  almost  symmetrical,  and  together  formed  an 
arterial  collar  (obliterated  certainly  to  some  extent  on  the  left  side), 
including  the  trachea  and  oasophagus.  The  only  deviation  from  com- 
plete symmetry  consisted  in  the  altered  relations  of  the  pneumo- 
gastric  nerve  and  innominate  vein  of  opposite  sides,  but  this  is 
sufficiently  accounted  for  by  the  oblique  course  of  the  left  innomi- 
nate vein  in  order  to  unite  with  that  of  the  opposite  side  to  the  right 
of  the  middle  line.  The  pulmonary  artery  was  normal,  its  left 
branch  being  connected,  aa  already  describ^,  ynik  the  impervious 
portion  of  the  left  aortic  arch  by  means  of  the  ductus  arteriosus.  The 
right  innominate  vein  followed  the  usual  course^  and  crossed  the 
right  aortic  arch  frx>m  above  downwards.  The  left  innominate  vein, 
formed  in  the  usual  manner,  crossed  the  left  aortic  "arch  from  above 
downward,  but  instead  of  passing  from  left  to  right  on  a  plane 
anterior  to  that  of  the  ascending  aorta,  it  crossed  beldnd  that  trunk 
so  as  to  intervene  between  the  aorta  and  the  trachea.    The  superior 
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vetm  cava,  by  reason  of  this  unusual  oourae  of  the  left  innominate 
yeiuy  was  extremely  shorty  but  otherwise  normal.  The  vena  azygos 
major  opened  into  the  junction  of  the  right  and  left  innominate  veins. 
The  remaining  veins  of  the  thorax  were  normal. 

The  thoracic  duct  after  entering  the  thorax  maintained  its  usual 
relation  to  the  aorta  and  vena  a^gos  major  as  high  as  the  termina- 
tion of  the  latter,  behiud  which,  as  well  as  the  right  aortio  arch,  it 
then  passed.  At  the  root  of  the  neck  it  lay  behind  the  first  part  of 
the  right  subclavian  artery,  and  arching  forwards,  opened  into  the 
junction  of  the  right  subclavian  and  jugular  veins.  The  duot,  there- 
fore, was  not  included  within  the  aortic  collar.  £adi  pneumogastric 
nerve  crossed  the  corresponding  aortic  arch,  giving  off  its  recurrent 
branch  in  the  concavity  of  the  same,  that  on  the  left  side  coming 
into  relation  with  the  ductus  arteriosus,  as  already  described.  The 
phrenic  nerve  of  each  side  passed  in  /rant  of  the  corresponding 
subclavian  vein  at  the  root  of  the  neck.  With  this  exception  their 
course  was  normal.     There  was  no  transposition  of  the  viscera. 

Comparing  now  the  case  just  described  with  those  which  most 
closely  resemble  it,  we  find  that  cases  of  persistent  double  aortic  arch 
have  been  reported  by  Malacame*,  Hommel',  Bertin*,  Siebold^, 
Hyril*,  Zagorsky",  Cruveilhier^  Cumow%  and  Allen  Thomson '.  In 
all  of  these,  wiiji  the  exception  of  the  last,  both  aortic  arches  were 
pervious  throughout.  In  i^  a  portion  of  the  left  aortio  arch,  as  in  the 
case  just  detailed,  was  obliterated,  and  formed  a  fibrous  band,  con- 
nected by  one  extremity  to  the  subclavian  arteiy,  and  by  the  other  to 
the  commencement  of  the  descending  thoracic  aorta,  thus  forming, 
as  Professor  Thomson  remarks,  ''a  transition  between  the  more 
common  cases  of  right  aortic  arch  without  union  to  the  left  part  of 
the  aorta,  and  such  cases  as  those  of  Hommel,"  and  the  other  authors 
just  mentioned,  in  which  two  aortic  arches  of  nearly  equal  size  closely 
encircled  either  the  traehea  alone  or  both  traehea  and  cesophagus. 
In  it,  however,  there  was  a  considerable  bulging  or  dilatation  of  the 
upper  part  of  the  descending  aorta  toward  the  left,  to  the  point  of 
which  the  impervious  portion  of  the  left  aortic  arch  was  attached, 
which  IB  absent  in  my  own  case.  And  this  is  not  without  interest 
when  viewed  in  connection  with  the  development  of  thepaiis.  As  is 
well  known,  a  complete  double  aortic  arch  presents  a  permanent  con- 
dition of  that  early  embryonic  arrangement  in  which  Uie  fourth  right 
and  left  vascular  arshes  unite  to  form  the  descending  thoracic  aorta. 
Each  of  these  arches  conEHsta  of  three  portions, — an  anterior,  which 
forms  the  ascending  or  ventral  aortio  root;  a  transverse,  formed  by 

Ouervait,  in  Ckimrg.  1788,   n.  119. 
Commercium  literarium,  Noiimb.  1737,  p.  161. 
Maladies  du  Coeur,  p.  433. 
Journal  fOr  OebfgrtshUlfe,  1836.  xvi. 
Oetterr.  medU.  Jakrb,,  1841.    zxiv. 
M6m,  de  VAcad.  de$  Se,  de  St  Pitenhourg,  1824. 
Oruveilhier,  1867,  p.  61. 
Tram.  Path.  Soc,  Lond.  1875. 

Described  in  Prof.  Tomer'B  Memoir  in  Brit,  and  For.  Med.  Ch.  Bev.  1862, 
p.  184. 
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the  fourth  visoeral  artery ;  and  a  posterior  descending,  or  dorsal  aortic 
root,  composed  of  the  dorsal  anastemosing  vessel,  between  the  fourth 
and  fiiih  visoeral  arteries,  together  with  the  continuation  backward 
of  the  same  vessel  to  unite  with  that  of  the  opposite  side,  in  the 
formation  of  the  thoracic  aorta.  All  of  these  portions  on  both  sides 
remain  pervious  in  cases  of  complete  double  aortic  arch.  In  Prof. 
Thomson's  case,  again,  the  whole  of  these  portions  remained  pervious 
on  the  right  side,  whilst  on  the  left,  the  first  and  second,  in  addition 
to  the  upper  and  lower  thirds  of  the  third  portion  (these  last  being 
represented  respectively  by  the  artery  above  the  ductus  arteriosus, 
and  the  lateral  bulging  or  dilatation  of  the  descending  thoracic  aorta) 
remaining  pervious,  the  rest  of  the  arch  was  obliterated.  In  the 
case  above  related,  however,  the  pouch-Uke  dilatation  of  the  descend- 
ing aorta  was  wanting,  the  obliterated  portion  of  the  left  arch  being 
attached  directly  to  that  vessel  In  it,  therefore,  we  have  an  ex- 
ample of  still  greater  obliteration  of  the  left  aortic  arch  than  occurred 
in  Prof.  Thomson's  case,  the  low.er  two-thirds  of  the  dorsal  aortic  root 
having  become  impervious  in  the  former,  whilst  only  one-third  of 
that  root — the  middle  third — ^underwent  complete  obliteration  in  the 
latter.  With  regard  to  the  relation  of  the  thoracic  duct  to  the 
arterial  collar,  both  cases  exactly  correspond. 

Turning  now  to  the  branches  which  are  given  off  from  the  aortic 
arches,  so  far  as  one  can  judge  from  the  comparatively  few  cases  of 
double  aortic  aroh  which  have  been  put  on  record,  the  most  common 
arrangement  appears  to  b^  as  indeed  one  woulc^  on  developmental 
grounds  expect,  that  from  each  a  carotid  and  subclavian  artery  is 
given  ofL  The  cases  of  Malacame  and  Zagorsky,  however,  form 
exceptions  to  this  rule.  My  own  case  appears  to  be  the  only  one  in 
which,  in  addition  to  the  branches  just  named,  a  right  and  left 
vertebral  artery  was  given  off  from  the  corresponding  arch  between  the 
carotid  and  subclavian  of  the  same  side.  That  such  is  really  the  case 
there  can  be  no  doubt,  as,  although  the  left  vertebral  arising  frx>m  the 
left  arch  was  reduced  to  a  mere  fibrous  cord  in  the  greater  part  of  its 
course,  yet,  having  regard  to  its  origin,  relations,  and  termination, 
it  was  evidently  homologous  with  the  artery  of  the  opposite  side,  the 
origin  of  each  having  been  transferred  from  the  subclavian  artery  of 
ite  own  side  to  the  corresponding  #>rtie  arch.  The  additional  left 
vertebral  artery  arising  from  the  left  subclavian,  corresponded  as 
r^;ards  its  origin,  position,  and  relations,  to  the  vertebral  artery,  as  we 
usually  see  it;  and  inasmuch  as  the  left  side  of  the  neck  was  thus 
supplied  with  two  vertebral  arteries,  this  case  is  to  be  grouped  along 
with  those,  of  which  several  have  been  reported,  in  which  an  accessory 
vertebral  was  present.  In  the  cases  in  whidi  this  occurs  on  the 
left  side,  the  usual  arrangement  is  that  one  of  the  roots  of  the  verte- 
bral artery  arises  from  the  aroh  of  the  aorta,  whilst  the  other  is 
given  off  by  the  subclavian;  and  to  this  rule  the  present  case  forms 
no  exception. 

Lastly,  with  reference  to  the  unusual  position  of  the  left  innomi- 
nate vein  lying  as  it  did  behind  the  ascending  aorta,  the  case  presente 
a  very  unusiud  arrangement,  as  I  have  been  uiiable  to  find  any 
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account  among  the  nameroos  recorded  Tenons  abnormalities,  apart 
altogether  from  arterial  irregnlarities,  of  such  an  occurrence.  The 
explanation  of  its  unusual  position  must,  in  the  present  state  of  our 
knowledge  regarding  the  development  of  the  large  veins,  be  almost 
entirely  hjpoUietical.  Marshall^  states  that  the  transverse  vein  which 
in  the  foetus  unites  the  jugular  veins  of  opposite  sides  at  the  lower 
part  of  the  neck,  and  which  ultimately  forms  the  left  innominate 
vein,  i«  in  the  sheep  formed  by  the  junction  of  two  small  spur-shaped 
points,  which  project  toward  one  another  from  the  inner  borders  of 
the  jugular  trunks,  immediately  above  the  pericardium,  on  a  level 
witii  ^e  subdivision  of  the  ascending  aorta,  and  that  these  points 
ultimately  coalescing,  form  the  vein  in  question.  The  development 
of  this  transverse  vein  has  not  been  studied  in  the  human  subject,  but 
in  all  probability  it  resembles  that  of  the  corresponding  vessel  in  the 
sheep.  Now  in  the  present  case  it  is  necessary  to  suppose  that  the 
above-mentioned  spur-shaped  projections,  instead  of  uniting  in  front 
of  the  ascending  aorta,  extended  inwards  behind  that  trunk,  and  so  gave 
rise  to  the  anomalous  position  above  described  of  the  lefb  innominate 
vein.  That  the  plane  of  junction  of  these  spur*«ha|)ed  projections  is 
not  invariable,  although  rarely  removed  backwards,  is  proved  not 
only  by  the  present  cascj  in  which  they  appear  to  have  united  between 
the  aorta  and  trachea,  but  also  by  two  cases  reported  by  Weese',  in 
both  of  which  they  had  united  on  a  plane  posterior  to  both  trachea  and 
casophagus,  the  left  innominate  vein  having  been  observed  to  cross 
fix)m  left  to  right  behind  both  of  these  structures. 
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R  a  A.,  L.  0.  A^  Right  and  Left  Comm<Hi  Carotid  Arteries.  B.  V.  A., 
L.V.Au,  Right  and  Left  YertelmJ  Arteries.  The  accessory  vertebral 
artery  of  the  left  side  \a  not  figured.  R.  S.  A.,  L.  S.  A.^  Right  and  Left 
sabclavian  arteries.  K  I.  V.,  L.  I.  V.,  Right  and  Left  innominate  veins. 
R.  S.  v.,  L.  S.  y.,  Right  and  Left  subclavian  veins.  I.  J.  Y.,  Left  internal 
jugular  vein.  D.  A.,  Ductus  arteriosus*  R.  Ph.  N.,  Right  phrenic  nerve. 
R.  P.  N.,  L.  P.  N.,  R^ht  and  Left  pnenmogastric  nerves.  The  hook  in  the 
rjgbt-haiid  figwe  IndioateB  the  cesophagua 

^  PhiU  Tran$.  1S50,  (Part  1). 

'  De  ectopia  cordis,  Berolim,  Sect.  87,  48. 


ON  THE  ACTION  OF  VANADIUM  UPON  THE  IN- 
TRINSIC  NERVOUS  MECHANISM  OF  THE  FROG*S 
HEART.  By  Peofessor  Arthur  Gamgee,  M.D.,  F.R.S., 
AND  Leopold  Larmuth,  Piatt  Fhysiological  Scholar  in 
Owens  College, 

{From  the  Physiological  Laboratory  of  Owens  College) 

In  his  memoir  "  On  the  Physiological  Action  of  Vanadium/' 
{Philosophical  Transactions,  1875)  J,  Priestley  recapitulates  the 
facts  which  he  has  ascertained  -with  reference  to  the  action  of 
this  poisonous  metal  on  the  circulation  in  the  following  manner. 

"A  consideration  of  the  experiments  shews  that  the  influence 
of  vanadium  upon  the  circulation  is  three-fold.  In  the  first 
place,  there  is  a  diminution  of  blood-pressure,  which,  however, 
is  not  quite  continuous^  but  is  marked  by  intervals  in  which 
there  is  a  tendency  to  regain  the  former  height.  Then  alter- 
nate rises  and  falls  take  place  with  considerable  regularity. 
In  the  second  place,  there  is  a  disappearance  of  the  respiration 
curves.  And  in  the  third  place,  there  is  irregularity  and 
diminution  of  rapidity  of  the  pulse,  which,  like  the  fall  of 
the  blood-pressure,  is  not  quite  regular.  In  the  case  of  in- 
jection into  veins  there  was  scarcely  time,  owing  to  the 
rapidity  of  death,  for  the  development  of  the  marked  fluctua- 
tions noticed  when  injection  was  hypodermic. 

"  The  disappearance  of  respiration  curves  can  only  be  due 
to  some  alteration  of  the  vaso-motor  centre,  whose  oscillations 
of  activity  are  the  cause  of  them.  The  marked  fall  of  blood- 
pressure  might  be  due  to  one,  or  more,  of  the  following  circum- 
stances :  1,  Paralysis  of  the  vaso-motor  centre ;  2,  peripheral 
irritation  of  depressor  nerves;  3>  relaxation  of  arterial  tonus 
due  to  other  causes  than  vaso-motor  paralysis ;  4,  weakening 
of  the  heart's  action.    The  alteration  of  the  pulse  may  be 
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caused  by  1,  some  action  upon  the  vagi ;  2,  poisoning  of  intra- 
cardiac centres;  3,  poisoning  of  muscular  substance  of  heart; 
4,  diminution  of  blood-pressure.  Aa  previous  division  of  the 
vagi  does  not  seem  in  the  least  to  alter  the  circulatory  effects 
of  poisoning  by  vanadium,  it  is  clear  that  none  of  these  effects 
can  be  attributed  to  the  action  on  the  vagi.  It  is,  moreover, 
evident  from  experiments  detailed  elsewhere  in  this  paper, 
that  there  is  no  poisoning  of  the  muscular  substance  of  the 
heart  itself. 

^'  Further,  the  fact  that  vanadium  does  not  paralyse  unstriped 
muscleB  in  ker  regions  of  the  body  (a«  ^Ihe  intestin^) 
renders  it  probable  that  there  is  no  direct  action  upon  the 
muscular  walls  of  the  arteries.  We  may  therefore  at  once 
eliminate  both  these  possibilities  from  the  question.  It  will 
be  seen  on  comparison  that  the  fluctuations  in  blood-pressure 
and  in  pulse  are  only  sometimes  coincident;  neither  will, 
therefore,  serve  as  sufficient  explanation  of  the  other,  although 
the  effects  may  be  partially  due  to  their  inter-action.  There 
remains,  therefore,  the  vaso-motor  system  of  nerves,  with  the 
depressors,  and  the  intra-cardiac  nervous  mechanism,  to  which 
we  must  look  for  the  chief  explanation  of  the  phenomena  under 
consideration. 

"  From  the  experiments  in  which  the  cord  was  divided  in 
the  neck,  we  gatiiier  that  the  effects  of  vanadium-poisoning 
upon  the  pulse  occurred  as  usual,  while  the  diminutions  and 
fluctuations  in  blood-pressure  were  no  longer  visible,  being 
indeed  replaced  by  a  rise.  As  in  those  experiments  the  vaso- 
motor centre,  the  accelerators  and  the  vagus-centre  terminations 
were  eliminated  (the  vagus-terminations  by  means  of  the 
curari  which  was  injected),  we  are  driven  to  the  conclusion  that 
the  depression  and  fluctuations  of  blood-pressure  are  for  the 
most  part  due  to  some  action  of  the  poison  on  the  vaso-motor 
centre;  and  that  the  irregularities  of  heart-beats  are  caused 
by  an  affection  of  intra-cardiac  ganglia.  The  former  conclusion 
is  strongly  confirmed  by  the  disappearance  of  respiration-curves, 
which  must  be  due  to  vaso-motor  mischief,  and  by"  the  fact 
that  other  centres  in  the  cord  are  acted  on  by  vanadium: 
hence  it  seemed  hardly  necessary  to  perform  any  special 
experiments  after  elimination  of  the  depressors.    The  latter 
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conclusion  is  fully  borne  out  by  Experiment  Llir.,  on  a  frog, 
where  the  usual  diminution  foUowoi  in  a  heart  which  was 
directly  observed  after  the  removal  of  all  extra-cardiac  nervous 
influencea  The  rise  of  blood-pressure  which  follows  injection 
into  the  veins  of  rabbits,  whose  spinal  cord  has  been  cut,  is 
considered  to  be  due  to  the  greater  vigour  of  the  heart,  which 
was  noticed." 

Thoroughly  satisfactory  as  were  the  investigations  on  the 
effects  of  vanadium  in  the  circulatory  system  of  warm-blooded 
animals,  it  appeared  that  additional  experiments  were  desirable 
in  order  to  investigate  more  closely  the  precise  mode  in  which 
vanadium  affects  the  intra-cardiac  nerve-centres,  and  we  there- 
fore undertook  an  examination  of  the  action  of  vanadium  upon 
the  frog^s  heart. 

In  Priestley's  researches  the  compound  of  vanadium  em- 
ployed was  invariably  the  sodium  ortho-vanadate,  NajVO^,  of 
which  standard  solutions  containiDg  exactly  5  per  cent,  of 
Y,0^  were  used.  In  the  present  research,  for  reasons  which 
will  appear  in  the  sequel,  the  sodium  salts  of  the  ortho-,  meta-, 
and  pyro-vanadic  acids  were  Employed  at  various  times,  the 
solutions  always  being  neutral,  and  containing  a  quantity  of 
vanadium  corresponding  to  5  per  cent  of  VjO,. 

The  three  compounds  employed  have  the  following  formula: 

1.  Meta-vanadate  of  Sodium,  NaVO,. 

2.  Pyro-vanadate  of  Sodium,  Na^V^O^ 

3.  Ortho-vanadate  of  Sodium,  Na,VO^. 

The  compounds  of  vanadium,  and  the  standard  solutions 
used  throughout  were  prepared  under  the  direction  of  Professor 
Boscoe,  F.R.S.,  by  Mr  Taylor,  Demonstrator  of  Metallurgy  in 
Owens  College, 

In  some  of  our  experiments  Rana  esculenta  was  employed, 
but  in  the  greater  numbers  Rana  temporaria,  in  a  few  the 
large  American  Bull-frog. 

Methods  of  investigation. 

In  some  of  our  experiments  the  movements  of  the  hearts 
of  pithed  frogs  were  observed,  in  sitUy  with  the  eye,  and  the 
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solution  of  which  the  poisonous  action  was  being  investigated 
was  injected  through  the  abdominal  vein.    In  some  few  ex- 
periments the  poisonous  solution  was  applied  to  the  external 
surface  of  the  heart.    In  some  cases,  as  in  the  experiments 
undertaken  to  ascertain  the  comparative  poisonous  activity  of 
the  three  vanadic  acids,  the  poison  was  introduced  into  the 
lymph-sacs   of  frogs,   the  heart  being  exposed  and  watched 
after  the  general  paralytic  phenomena  which  are  induced  by 
the  compounds  of  vanadium  had  become  developed.     In  the 
greater  number  of  experiments  a  modification  of  the  method 
used  by  Ludwig  and  Ooates  was  employed,  of   which    the 
essential  feature  consisted  in  the  serum  being  kept  in  a  state 
of  circulation  by  means  of  the  frog's  heart,  except  during  the 
time  when  tracings  were  being  taken.     The    frog  was  sup- 
ported on  a  horizontal  plate,  and  its  vena  cava  connected  with 
a  flexible  tube  leading  to  a  reservoir  of  serum,  the  height  of 
which  could  be  accurately  regulated.    This  reservoir  consisted 
of  a  short  test-tube,  into  the  bottom  of  which  a  finer  tube  (for 
connection  with  the  above-mentioned  flexible  tube)  had  been 
fused.     Supported  directly  over  the  mouth  of  this  test-tube 
was  a  thermometer,  the  bulb  of  which  was  immersed  in  the 
senim  in  the  reservoir.    The  aorta  was  connected  with  a  long, 
glass  tube  attached  to  a  gauge  precisely  similar  to  that  used  by 
Coates.    The  same  limb  of  the  gauge  was  connected  with  a 
long  flexible  tube  terminating  in  a  fine  glass  nozzle,  which  wa& 
carried  round  and  fixed  against  the  thermometer  at  a  height 
of  about  2  inches,  or  rather  more,  above  the  surface  of  the 
serum  in  such  a  manner  that,  as  the  serum  was  driven  through 
the  nozzle,  it  spread  over  the  thermometer-stem  in  a  thin 
film  which  flowed  down  to  the  reservoir,  thus  presenting  a 
very  large  surface  for  aeration.    When  tracings  were  about  to 
be  taken,  the  tube  from  the  proximal  limb  leading  to  the 
aerating  nozzle  was  guarded  by  a  clip,  whereupon  the  blood- 
pressure  raised  the  mercury  in  the  distal  limb,  and  movements 
were  recorded. 

The  serum  employed  in  the  majority  of  the  experiments 
was  that  of  the  rabbit.  The  capacity  of  the  serum  reservoir 
was  5  cub.  cents. 
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Exp.  I.  (3  I  2  I  76.)  A  frog  (B.  escnlenta)  was  pithed  and  the 
heart  prepared  for  Coates's  experiment.  Beddish  sheep's  serum  em- 
ployed. 

H.    X. 

2  .  20.    Heart  connected  with  senim-reservoir  and  gauge. 

3  .  20.    Normal  tracing  taken.      Heart  beats  vigorously,   between 

5  and  6  times  per  10  seconds. 

3  .  21.  Circulation  of  poisoned  serum  commenced.  The  serum  was 
prepared  bj  mixing  1  volume  of  standard  solution  of  sodium 
ortho-ranadate  (containing  5  per  cent,  of  V^Os),  with  50 
volumes  of  sheep's  serum. 

3  .  24.  A  tracing  taken.  Contractions  of  the  heart  are  much  slower, 
1  in  3  seconds.  The  contractions  are,  however,  perfect  and 
regular. 

3  .  30.  Another  tracing  taken.  Contractions  not  as  vigorous  as 
before,  but  occur  with  the  same  frequency.  The  ventricle 
appears  to  be  abnormally  contracted  at  apex.  A  vermicular 
contraction  of  the  ventricle  occurs  at  intervals ;  this  runs 
from  base  to  apex,  and  pinches  off,  as  it  were,  the  ventricular 
apex.     The  auricles  are  contracting  normally. 

3  .  38.    Another  tracing  taken.     No  marked  change. 

3  .  55.    Vermicular  contractions  of  ventricle  veiy  marked ;  the  ven- 

tricle ccmtracts  sluggishly. 

4  .  25.    Ventricles  still  contracting,  though  very  inefficiently. 

4  .  40.  Tracing  taken ;  the  rise  of  the  mercury  in  the  manometer  at 
each  systole  is  indicated  in  the  tracing  by  slight  waves  in  the 
line  traced  by  the  pen. 


Exp.  II.  (4  I  2  I  76.) 

12  .  15.  Bana  esculenta  decapitated,  pithed,  and  heart  prepared. 

12  .  30.  Pure  serum  allowed  to  flow  through  the  heart. 

12  .  53.  Heart  contracting  vigorously,  once  in  2 '75  seconds. 

1  .  48.  Normal  tracing  taken.     Contractions  slower,  but  vigorous, 

1  in  5  seconds. 

2  .  5.      Another  tracing  taken.   Agrees  with  the  preceding.   Serum 

poisoned  with  solution  of  Na^VO^  (1  volume  of  standard 

solution  of  the  poison  to  50  of  sheep's  serum)  allowed  to 

cii'culate  through  the  heart. 
2  .  10.    Contraction  of  heart  slower,  though  more  vigorous  than 

before. 
2  .  15.    Peiistaltic  contraction  of  ventricle,  the  systole  of  which  is 

becoming  more  sluggish. 
2  .  30.    Contraction  of  ventricle  very  slow  and  imperfect,  so  that  a 

satisfactory  tracing  cannot  be  obtained. 
2  .  45.    Auricles  are  contracting  slowly,  ventricle  is  in  a  state  of 

permanent  contraction;  occasional  vermicular  contractions 

of  ventricle. 
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3  .  0.  Ventricle  is  contracting  periataltically,  once  in  30  seconds ; 
utricle  contracting  once  in  10  sebondi 

3  .  IS.    Occasional  slight  vermicular  oontrootiona  of  ventricle,  about 

QDce  in  45  seconds ;  auricle  contracts  once  in  16  seconds. 

4  .  0.      Auricles  still  contracting  fetibly;  only  very  occasional  slight 

Termicular  oontractions  of  ventricle. 

Exp.  IIL     Bana  temporaria.     Oirculation  of  rabbit'a  serum,  at 
T.  14'  0,  through  heart 

H.    H. 

2  .  40.    Vrog  prepared. 

3,0.  Aorta  has  been  connected  with  the  manometer,  heart  has 
been  washed  out  with  reddish  rabbit  serum,  and  is  contract- 
ile fully  and  vigorously. 

4  .  0,  Poisoned  serum  allotrad  to  circulate.  As  it  reached  the 
heart  the  organ  commenced  to  beat  a  little  more  rapidly. 

4  .  S.      Heart  eontnicting  onoe  in  2  seoonda 

4  .  10.  Vermicular  contractions  of  ventricle.  One  contraction  of 
ventricle  to  3  of  auricles. 

4  .  15.  Tracing  indicates  that  tlie  heart  is  contracting  1  in  2'2 
seconds,  much  leas  vigorously  thtin  before. 

4  ,  30.    Contractions  more  prolonged  and  feeble. 

4  ,  40.  Auricles  contmcting  once  in  7  seconds;  ventricle  feebly, 
once  in  20  seconds. 

(Experiment  not  ctmtinued). 

Exp.  rV.  (8  I  2  I  76.)      Bana  temporaria.      Babbit's  Benim  at 
T.  16°  allowed  to  circulate. 

1  .  0.      Frt^  prepared. 

1  .  20.    All  connections  have  been  made.     Heart  has  been  washed 

out  with  rabbit'a  serum ;  is  beating  vigorously. 
1  .  iS.    Normal  tracing  taken.     Heart  beats  fully  6  times  in   10 

seconds. 

Fig.1. 
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2  .  0.      Another  tracing,  exactly  mmil&r  to  the  preceding,  taken. 

2  .  15.  Circulation  of  poisoned  serum  oommenced  (1  Tolnrae  of 
standard  solution  of  Na,yO,  to  60  of  semm). 

2  .  20.  The  characters  of  the  contractions,  and  therefore  of  the 
tracinga,  hare  altered  considenbly  ;  they  hare  become  much 
le«8  frequent,  the  force  of  the  oontraction  has  diminiahed, 
whilst  the  length  of  the  ayatole  has  mct-eased  in  a.  marked 
m&nner  (Fig.  2). 

Plg.S. 


2  .  40.    Tradnga  t^en  since  the  last  shew  exactly  the  same  charac- 

ters ;  the  ventricle  is  nearly  always  in  a  sMe  of  systole,  the 
diastolic  intervals  being  very  short. 

3  .  0.      Since  the  last  note  the  heart  appears  to  have  commenced  to 

recover  from  the  effects  of  the  poison,  the  contractions  of  the 
ventricle  becoming  more  complete  and  more  rapid. 

3  .  40.  Heart  spears  to  have  recovered  completely,  contracting  four 
times  in  10  seconds. 

3  .  46,  A  fresh  quantity  of  the  standard  solntion  of  ITa^VO,  added 
to  the  serum  in  the  reservoir.  The  mixture  then  consisted 
of  2  volumes  of  solntion  of  the  poison  to  00  volumes  of  serum. 

3  .  47.  The  ventricle  is  in  a  state  of  strong  and  persistent  oontrac- 
tion.    The  auricles  contract  slowly, 

3  ,  50.    It  has  been  impoadblc  to  obtain  any  tracing  since  the  poison- 

ing.    Auricles  slowly  pulsating. 

4  >  0.       Ventricle  now  at  rest  in  diastole ;  some  portions  of  the  ven- 

tricles are,  as  it  were,  pinched  off  by  local  contractions. 
Auricle  and  sinus  venosus  contraotdng  do^^^ishly. 

Exp.  Y.  (II  I  2  {  76.)     Rana  temporaria.     Babbit's  serum  at  a 
iemperatore  of  16°  C  allowed  to  circulate  through  heart. 


3.  15. 

3.42. 


Normal  tracing  taken  (Fig.  3). 

Heart  has  been  beating  with  perfect  regularity,  and  a  tracing 

taken  now  is  exactly  similar  to  that  taken  at  3.16.    Poisoned 

serum  n  volume  of  Na,  VO,  solution  to  60  of  rabbits'  seruiii)' 

allowea  to  circulate. 

L.  XI.  "16 
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Pig.». 


Yentricle  ia  in  a  etate  of  strong  and  persistent  contraction ; 
aurioles  contntcting  rhjthmicaJlj, 

A  traciug  taken ;  the  elevations  are  dne  to  the  aoiicalar 
oantraotiona,  as  the  ventricle  is  not  beating  (Fig.  4). 

Fig.  4. 


.  49,  After  a  short  time  the  ventricle  has  oommenced  to  contract 
again  vigoronsljr ;  contractions  reour  rhTthmicaliy  for  5  mi- 
nuter, then  cease,  the  ventricle  remuning  in  a  state  of 
^tola 

.  0.  VMitriole  at  rest  in  a  state  of  oontraotion.  Aorioles  oca- 
traoting  DOrmall/. 

.  6,  By  raising  the  pressure  of  semm  in  the  heart,  the  ventricle, 
oommenccs  to  oontiaot.  The  contraction  runs  from  base  to 
near  apex,  bat  stops  short  so  as  to  pinoh  off,  as  it  were, 
a  portion  of  the  apex.  Upon  Himin^ahing  the  pressure  the 
ventritde  ceases  to  contract  in  Bjatol& 

.  15.  The  ventricle  oontraots  only  occasionally,  whilst  the  auricles 
contract  with  regnlarity. 

.  17.  The  condition  of  the  heart  is  well  shewn  by  the  annexed 
tracing  (Fig.  6).  Contractions  of  tiie  ventricle  succeed  each 
other  slowly,  in  groups  of  two  or  three,  and  then  a  pro- 
longed diastole  follows; 

.  5S.  The  heart  is  reooveting  somewhat  from  the  efibcia  of  its  first 
poiaonouK  dose. 

.  10.  Although  there  are  still  evidences  of  the  action  of  vanadinm 
npon  the  heart,  it  is  determined  to  increase  the  strength  of 
the  poison. 
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Fig.  6. 


5  .  16.  One  mare  Ttdnme  of  the  solution  of  Na,  VO^  added  to  the 

'  eemm. 

5  .  16.  After  two  oontractions  of  the  vealricle  a  pretty  long  pause 

I  oooun ;  tbeu  generally  a  single  alow  oontraotion ;  followed 

)  again  by  two  oontractions,  thu> : 


5  .  30.    Ventricle  in  a  persistent  aemi-contracted  state ;  i.«.  diastole 
never  oomplele. 

Observations  discontinued. 

Semarb. — The  five  ex[>erimeDtB  which  have. preceded  illustrate 
the  influeuoe  exerted  by  a  tmali  doee  of  vanadium  when  mixed  with 
senun,  and  allowed  to  circulate  through  the  separate  frog's  heart. 
In  them,  as  has  been  mentioned  in  the  notee  of  the  individual 
experiments,  one  volume  of  a  weak  solution  of  sodium  ortfao-vana- 
dute  was  mixed  with  fiO  volumes  of  reddish  rabbit's  serum  ;  as  the 
Bolution  of  vanadate  contained  a  quantity  of  vanadium  corresponding 
to  S  per  cent,  of  V,  0„  the  percentage  of  the  poisonous  metal  con- 
tained in  the  poisoned  serum  was  '09S.  In  the  experiments  which 
follow  the  eObct  of  a  dose  twice  as  large  are  shewn. 

16—2 
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Exp.  YI.  (15  |  2  |  76.)    Bana  temporaria. 
H.     K.  Rabbit's  serum  at  T.  18^0.  employed. 

2  .    0.    Frog  decapitated  and  heart  prepared  for  the  experiment. 

2  .  45.    Normal  tracing  taken  ;  heart  is  beating  vigorously. 

3  •    0.    Circulation  of  poisoned  serum  commenced.      (1  volume  of 

standard  solution  of  Na,  YO^  mixed  with  25  volumes  of 

serum.) 
3  •    3.    Yentricle  contracting  very  slightly  at  long  intervals. 
3  •    5.    Apex  of  ventricle  firmly  pinched  off;  the  rest  of  the  ven- 

tri<de  in  a  state  of  distension ;  auricles  contracting  slowly. 

3  .  25.   Yentricle  is  firmly  contracted ;  auricles  are  contracting  slightly 

and  sluggishly. 
.  4  •  20.   Yentricle  as  before.    Auricles  are  contracting  about  once 

every  20  seconds. 
No  tracings  could  be  obtained  after  the  poisoning;  the  normals 
have  therefore  not  been  copied* 

Exp.  YII.  (15  |  2  |  76.)    Rana  temporaria. 

Babbit's  serum  at  T.  18^  employed. 

4  .  20.    Frog^s  heart  prepared ;  pure  serum  allowed  to  circulate. 

4  .  30.    Noraial  tracing  taken.      Heart  is  beating  vigorously  and 

regularly. 
4  .  45.    Another  tracing  taken ;  allowed  poisoned  serum  (1 :  25)  to 

flow  through. 
4  .  47.    Yentricle  beating  feebly ;  does  not  relax  completely  during 

diastole ;  auricles  are  contracting  quite  normally. 

4  .  50.    Yentricle  strongly  contracted ;  auricles  beating  feebly. 
6  .    5.    Auricular  contractions  continue,  though  feeble. 

5  .  30.    Yentricle  still  contracted ;  auricles  still  beating. 

In  this  experiment  it  was  again  impossible  to  obtain  any  tracings 
after  the  poisoning. 

Exp.  YIII.  (21  |  2  |  76.)    Rana  temporaria. 
H.    M.        Rabbit's  serum  used.    Temperature  not  known. 

3  .  20.    Frog's  heart  has  been  prepared  and  washed  out  with  rabbif  a 

serum. 
3  .  30.    Normal  tracing  taken. 
3  •  45.    Poisoned  serum  allowed  to  circulate  (1  of  standard  solution 

of  Na,  YO^  to  25  of  serum). 
3  .  46.    Yentricle  contracting  vigorously. 
3  .  46.5.  Yentricle  in  a  state  of  complete  and  continuous  contraction  ; 

aurides  beating  slowly. 

3  .  50.    Heart  in  same  state  as  before,  auricles  beating  slowly. 

4  .  30.    Heart  in  a  state  of  distension ;  neither  auricles  nor  ven- 

tricles beating ;  upon  pinching,  slight  contraction  of  the  ven- 
tricle is  produced. 
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Exp.  IX.  (18  I  2  I  76.)    Rabbit's  aerum.    T.  19^ 

3 .  35.    Heart  of  rana  temporaria  has  been  prepared  and  rabbit's 

senun  allowed  to  circulate.    Heart  beats  normally. 
3  .  45.    Normal  tracing  taken. 
3  .  50.    Poisoned  serum  allowed  to  flow  through  heart  (1  of  standard 

solution  of  Na  TO^  to  24  of  serum). 

3  .  52.    Yentiicle  firmly  contracted.     Auricles  beating  normally. 

4  .  30.    Condition  of  heart  exactly  the  same  as  before. 

4 .  50.    Yentride  less  relaxed  than  before ;  aarioles  beating  as  at 

first 

5  •    0.    Ventricle  fully  distended  and  at  rest.     When  pinched  it 

makes  a  single  sluggish  contraction;  auricles  contract  nor- 
mally. 

6  •    0.    Yentricle  distended ;  a  local  contraction  of  ventricle  follows 

pinching :  auricles  contracting  normally. 

* 
Exp.  X.  (21  I  2  |  76.)    Eana  temporaria. 

3 .  20.    The  frog  having  been  decapitated  and  pithed,  heart  prepared 

and  connected  with  Coates'  apparatus.     Pure  rabbit's  serum 

allowed  to  circulate  at  first. 
3  .  30  and  3  .  40.    Perfectly  normal  tracings  taken.     Heart  beating 

regularly  and  vigorously. 
3  .  45.    One  volume  of  standard  solution  of  Na,  YO^  mixed  with  25 

volumes  of  the  serum. 
3  .  46.    Yery  vigorous  contraction  of  ventricle. 
3  .  46.5.  Yentricle  in  a  state  of  complete  and  persistent  systole. 

3  .  50.    Heart  in  same  state  as  before ;  auricles  beating  slowly. 

4  .  50.    Heart  in  a  state  of  distension ;  neither  auricles  nor  ventiides 

are  beating.    Upon  pinching  the  ventride  slight  contractions 
follow. 

The  ten  experiments  which  have  preceded  illustrate  in  a 
very  satisfactory  manner  the  phenomena  which  are  observed 
when  serum  poisoned  with  a  soluble  vanadate  circulates  through 
the  excised  heart  of  the  frog. 

When  the  serum  contained  the  poison  in  the  proportion  of 
0*098  per  cent,  of  Y,Oj  it  was  observed  that  the  force  of  the 
ventricular  systole  was  very  much  diminished,  that  the  ventricle 
passed  into  a  state  of  persistent  contraction  for  a  time,  or,  in 
many  cases,  that  whilst  portions  of  the  ventricle  were  in  a  state 
of  diastole  others  were  firmly  contracted.  Generally,  however, 
such  a  proportion  of  the  poison  did  not  kill  the  heart,  and  the 
effects  which  were  at  first  produced  appeared  gradually  to  be 
recovered  from.     On  then  increasing  the  quantity  of  poison  in 
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the  circulating  serum  the  ventricle  was  usually,  but  not  always, 
brought  to  a  complete  standstill  in  a  state  of  firm  contraction. 

Wheu  the  amount  of  the  poison  contained  in  the  serum  is 
about  twice 'as  large,  viz.  amounts  to  0*192  per  cent.,  the  effects 
produced  follow  much  more  rapidly.  Usually  within  one  or 
two.  minutes  the  ventricle  stops  in  a  state  of  rigid  contraction, 
whilst  the  auricles  continue  their  rhythmical  movements,  en* 
feebled  however,  for  a  considerable  length  of  time. 

The  reader  will  not  fail  to  perceive  that  the  phenomena 
which  have  yet  been  described  are  in  essential  particulars 
the  same  as  occur  in  poisoning  by  digitalis.  Like  digitalis, 
vanadium  seems  to  cause  a  slowing  of  the  heart  by  abridging 
the  diastolic  period,  %,€.  by  lengthening  the  systole,  and  to« bring 
the  ventricle  to  a  standstill  in  systole.  It  is  to  be  observed  that 
not  unfrequently  the  heart  which  has  been  poisoned  by  vana- 
dium and  the  ventricle  of  which  has  been  for  a  considerable 
time  in  a  state  of  rigid  contraction,  becomes  completely  relaxed. 

In  the  closer  study  of  the  action  of  vanadium  on  the  frog^s 
heart  there  were  two  sets  of  experiments  which  appeared  likely 
to  prove  of  special  interest :  the  first  consisting  in  observing  the 
effects  of  excitation  of  the  vagi  on  the  poisoned  heart ;  the 
second  in  ascertaining  whether  atropia  modified  in  a  special 
manner  the  action  oi  the  drug. 

Exp.  XI. 

H.     M. 

12  .  20.  Laige  Canadian  boll-frog  pithed  and  prepared  for  Ooates's 
method.  Yagas  exposed  and  ligature  passed  beneath  it. 
Heddish  rabbit  serum  used  in  the  experiment.  After  the 
left  aorta  had  been  connected  with  the  gauge,  platinum 
electrodes  connected  with  the  secondaiy  coil  of  Du  Bois 
Keymond's  apparatus  were  placed  imder  the  right  vagus. 
With  the  secondary  coil  at  40  Cm  there  was  slight  slowing  ; 
at  30  Cm  the  efiect  was  greater,  but  the  heart  did  not  stop  ; 
at  20  Cm  the  heart  stopped  at  once. 

12  .  45.  A  normal  tracing  taken.  The  temperature  of  the  serum 
circulating  is  20'5°  C. 

12  .  54.  The  pure  serum  replaced  by  serum  mixed  with  ^th  of  its 
volume  of  standard  solution  of  Na^  V,0^ 

12  .  55.  Ventricle  observed  to  be  abnonnally  contracted;  auridea 
beating  nomaally. 

12  .  56.    Ventricle  completely  and  firmly  contracted;   at  intervals 
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complete  dflatation  of  eiroumaoribed  portions^  the  apex,  for 
inatanoe,  being  at  times  completely  dilated  and  pinched  ofEl 
12  •  57.    Ventricle  still  strongly  contracted.    Yagus  excited ;  second* 
ary  coil  at  20  Cm.     Auricles  cease  pulsating  but  yentricle 
TemainB  firmly  contracted. 

1  •  0.  Right  yagus  again  excited ;  complete  stoppage  of  auiiole^ 
but  no  rdaxation  of  ventricle. 

1  •  1.  Auricles  alone  pulsating;  at  intervals  complete  local  dila- 
tations of  ventricle  take  place. 

1  .    5.    Heart  still  in  same  condition  as  before. 

1  .  10.  Yentricle  completely  and  persistently  contracted ;  auricles 
pulsating  slowly  but  otherwise  normally.  Yagus  irritated  ; 
auricles  stop  but  ventricle  is  not  affected. 

1  .  13.  Auricles  are  beating  9  times  in  30  sec. ;  ventricle  still  con- 
tracted. 

1  •  20.  Auricles  contiacting  6  times  in  30  sec. ;  ventricle  contracted 
as  before. 

1  .  25.  Yentricle  firmly  and  completely  contracted ;  small  portions 
still  dilated  as  before ;  auricles  beating  slowly  but  regularly. 
On  exciting  the  vagus  auricles  stop  but  ventricle  does  not 
relax.  During  excitation  the  local  dilatations  of  ventricle  do 
not  occur  at  tdl,  the  whole  ventricle  being  firmly  contracted. 

1  •  31.  To  the  poisoned  circulating  serum  one  drop  of  a  '5p.c.  solu- 
tion of  atropin  sulphate  was  added. 

1  •  35.  On  exciting  the  vagus  no  stoppage  of  the  auricles  takes 
place;  ventricle  stiU  contracted  though  the  local  dilata- 
tions are  somewhat  larger. 

1  .  40.  Yagus  excited ;  seoondiuy  coil  full  up  to  primary.  No 
stoppage  of  the  auricles.     Ventricle  firmly  contracted. 

1 .  45.  Auricles  beating  8  times  in  30  seconds.  No  stoppage  on 
exciting  vagus ;  secondary  coil  at  0  Cm. 

1  .  50.    Yentricle  Incoming  partially  distended  and  not  pulsating. 

Auricles  contracting  5  times  in  30  seconds.  No  stoppage 
on  exciting  the  vagus. 

2  .    0.    Yentricle  further  dilated ;  not  pulsating ;  mechanical  and 

electrical  stimulation  produce  no  contractions ;  auricles  still 
pulsate  feebly  and  not  arrested  by  powerful  excitation  of  the 
vagus. 

This  was  the  only  experiment  in  which  excitation  of  the 
vagus  was  practised  after  poisoning  by  vanadium ;  the  results 
which  it  yielded  were,  however,  so  positive  that  it  appeared  use- 
less to  repeat  it. 

This  experiment  proves,  most  conclusively,  that  after  con- 
traction of  the  ventricle  of  the  frog^s  heart  has  been  induced  by 
vanadium,  relaxation  of  the  heart  cannot  be  induced  by  exciting 
the  vagus.  It  however  teaches  us  that  this  is  not  due  to  any 
paralysis  of  the  trunk  of  the  vagus  nor  of  its  terminations,  for 
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when  excited  it  was  able  efficiently  to  inhibit  the  auricular 
movements,  until  atropia  acted  upon  the  heart,  when  the  in- 
hibitory mechanism  was  readily  paralyzed,  without  any  modifica- 
tion in  the  efifects  of  vanadium  upon  the  heart  being  induced. 

In  two  sets  of  experiments,  which  for  the  sake  of  brevity  ai^e 
not  quoted,  the  influence  of  atropia  in  modifying  the  action  of 
vanadium  was  examined.  The  same  quantity  of  a  standard 
solution  of  sodium  pyro-vanadate  was  injected  into  the  abdominal 
vein  of  two  frogs,  one  of  which  had  been  atropized.  In  hoth 
sets  of  experiments  the  result  was  exactly  the  same. 

In  another  experiment  the  heart  was  prepared  for  Coates* 
method,  and  rabbit's  serum  poisoned  with  atropia  was  allowed 
to  circulate  through  it.  After  obtaining  a  normal  tracing  the 
serum  was  poisoned  with  solution  of  sodium  pyro-vanadate 
(1  volume  of  standard  solution  to  26  of  serum),  when  the  normal 
effect  of  vanadium  was  induced,  viz.  stoppage  of  the  ventricular 
movement  in  systole. 

In  commencing  the  discussion  of  the  mode  in  which  the 
changes  which  have  been  described  are  brought  about,  it  appears 
natural  to  enquire  whether  they  are  due  to  an  action  of.  vana- 
dium upon  the  muscular  substance  of  the  heart  or  upon  its 
intrinsic  nervous  mechanism,  or  upon  both. 

In  the  case  of  digitalin,  veratria^  and  even  antiar,  it  has 
been  advanced  that  the  state  of  rigid  contraction  of  the  ventricle 
which  is  induced  by  these  drugs  and  which  usually  passes 
directly  into  rigor,  is  due  to  an  action  which  they  exert  upon 
the  protoplasmic  substance  of  the  heart,  for  these  poisons  are 
known  to  affect  voluntary  muscle,  and  therefore  an  action  upon 
the  muscular  tissue  of  the  heai-t  is  intelligible.  Even  these 
drugs  cannot  be  considered  to  exert  their  action  i|pon  the  heart 
merely  by  affecting  its  muscular  structure,  for  whilst  their  ulti- 
mate effect  on  the  ventricle  is  nearly  the  same,  there  appear  to 
be  in  each  case  distinctive  phenomena  which  can  only  be  ex- 
plained by  supposing  that  they  affect  in  different  manners  or 
more  or  less  profoundly  the  nervous  stnictures  which  are  asso- 
ciated with  the  contractile  elements.  That  their  action  is  one 
which  at  first  affects  nervous  rather  than  contractile  elementcf, 
appears  indeed  obvious  from  the  fact  that  all  these  poisona 
bring  the  ventricle  to  a  standstill  long  before  they  affect  the 
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auricle ;  in  the  ease  of  antiar  the  auricle  actually  beats  inore 
powerfully  after  the  action  of  the  poison  than  before\  Now 
a  poison  which  acted  primarily  upon  the  muscular  sti-ucture  of 
the  heart  would  presumedly  exert  its  action  more  readily  upon 
the  thin-walled  auricles  than  upon  the  more  fleshy  ventricle. 
It  ia,  however,  without  doubt  a  most  difficult  task^  in  these 
cases,  to  unravel  the  muscular  and  nervous  effects  so  as  to 
be  able  with  anything  like  precision  to  discover  how  great  a 
share  is  to  be  attributed  to  an  impairment  of  the  properties  of 
the  muscular  tissue,  and  how  much  is  due  to  an  alteration  iu 
the  action  of  the  nervous  mechanism  proper. 

In  the  case  of  vanadium  the  researches  of  Priestley  prove 
veiy  conclusively  that  whilst  acting  injuriously  upon  and  ulti- 
mately killing  vduntary  or  involuntary  muscles  immersed  in 
solutions  of  its  compounds,  vanadium  is  not  properly  a  muscular 
poison,  i.e.  after  death  has  been  induced  by  a  compound  of 
vanadium  the  contractility  of  muscle  is  found  to  be  unaffected^ 
and  the  amount  of  work  done  by  such  muscles  does  not  differ 
from  that  done  by  the  same  muscles  of  other  frogs  not  killed  by 
vanadium*.  Upon  which  of  theseutwo  sets  of  facts  shall  we  rely 
in  interpreting  the  phenomena  induced  in  the  heart  when  it  is 
fed  with  serum  poisoned  by  vanadium  ?  The  majority  of  persons 
will  probably  say  that  the  first  referred  to,  which  prove  thai 
a  solution  of  vanadium  when  acting  directly  upon  a  muscular 
structure  affects  its  irritability,  are  most  conclusive,  and  that  we 
6hould,  A  priori,  expect  that  when  investigated  by  the  method 
of  Ludwig  and  Coates  an  action  of  vanadium  upon  the  heart 
would  be  discovered,  and  that  a  great  part  of  that  action  would 
be  referable  to  a  poisoning  of  the  contractile  element. 

Such  indeed  is  our  own  opinion — ^vanadium,  at  any  rate 
when  present  in  quantity  in  the  blood  or  8erum  circulating 
through  the  heart,  doubtless  acts  as  a  poison  of  the  contractile 
tissue  of  the  organ ;  though  this  cannot,  however,  be  considered 
to  be  its  only  action,  for  if  it  were,  how  could  we  explain  the 

1  Some  efleots  of  Upas  Antiar  on  the  Frog's  Heart,  by  M.  Foster,  M JD.,  F JEt.S., 
Journal  of  Anatomy  and  Phytiology,  VoL  z. 

*  A  mnseiilar  poison  may  be  defined  as  one  wbioh,  in  exerting  its  tozio 
aotion,  neee$sarily  impairs  mnsoolar  oontraetility ;  this  impairment  is  best 
measured  by  aseertaining,  first,  the  duration  and  oharaoter  of  oontraotion»  and 
secondly,  the  power  of  doing  work.    A.  G. 
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eontinaed  action  of  the  auricles  long  after  the  yentride  has  been 

arrested? 

It  has  been  shewn  that  vanadium  induces  a  permanently 
contracted  condition  of  the  ventricle,  which  ceases  to  beat,  whilst 
the  auricles  pulsate  more  slowly  than  normally,  but  yet  with 
regularity.  This  contracted  condition  of  the  ventricle  differs 
fix>m  that  induced  by  digitalis  in  two  important  particulars: 
firstiy,  it  does  not  usually  pass  into  rigor  mortis,  the  heart 
becoming  frequently  dilated  when  it  dies ;  secondly,  the  con- 
tracted condition  of  the  ventricle  is  not  affected  by  irritation  of 
the  vagus,  though  this  nerve  retfdns  its  power  of  inhibiting  the 
auricles. 

In  poisoning  by  vanadium  it  is  obvious  that  there  is  no 
affection  of  the  terminations  of  inhibitory  nerves  in  the 
heart,  and  no  affection  of  the  inhibitory  nerve-centres  which 
have  been  surmised  to  exist ;  there  is,  certainly,  no  paralysis  of 
inhibitory  nerve-centres  connected  with  the  auridesi  and  it 
would  be  surely  pushing  ingenuity  to  a  dangerous  extent  to 
speculate  upon  the  existence  of  a  special  set  of  inhibitory  centres 
for  the  ventricular  portions  of  the  heart,  which  are  paralyzed  by 
vanadium  and  which  aire  quite  independent  of  other  inhibitory 
centres  for  the  auride,  over  which  vanadium  has  no  action  I  If 
there  were  better  grounds  for  the  hypothesiB  of  the  existence  of 
inhibitory  centres  in  the  heart  than  the  fact  that  the  action 
of  one  or  two  interesting  cardiac  poisons  cannot  be  in  any  way 
explained  without  introducing  such  centres  into  our  scheme  of 
cardiac  innervation,  we  might  as  an  alternative  speculation 
to  the  first  advance  a  second — ^that  possibly  vanadium  impairs 
the  conductivity  of  the  nerve-fibres  which  bring  into  conmiuni- 
cation  the  inhibitory  and  motor  ganglia  of  the  ventricular  por- 
tion of  the  heart;  but  to  speculate  in  this  way  appears  to  ua 
quite  puerile. 


ON  THE  POISONOUS  ACTIVITY  OP  VANADIUM  IN 
ORTHO-,  META-,  AND  PYRO-VANADIC  ACIDS. 
By  Leopold  LAsicuTHy  Piatt  Fhysiological  Scholar,  Owens 
College, 

{From  the  Phyriologicai  Lahoraiory  of  Owens  CoUege!) 

Certain  observations  which  were  made  in  the  Laboratory  of 
Owens  CoUege  at  the  time  when  Priestiey  was  investigating 
the  physiological  action  of  yanadium,  led  that  observer  and 
Dr  Ghtmgee  to  think  it  possible  that  the  poisonous  activity  id 
vanadium  might  differ  in  different  nearly  related  compounds 
— ^that^  probably,  the  same  amount  of  vanadium  would  possess 
a  greater  poisonous  intensity  if  existing  as  a  pyro-vanadate, 
or  meta-vanadate,  than  as  an  ortho-vanadate.  To  test  the 
accuracy  of  this  surmise,  I  made,  at  the  request  of  Dr  Gamgee, 
some  experiments  which,  though  few  in  nimiber,  appeared  to 
point  decidedly  to  the  conclusion  that  a  given  quantity  of 
vanadium  is  more  poisonous  as  sodium  pyro-vanadate,  than  so- 
dium meta-vanadate,  and  still  more  so  than  as  ortho->vanadate. 
The  experiments  would  probably  be  too  few  to  entitle  one  to 
draw  important  conclusions  from  them,  had  they  not  been 
confirmed  by  the  much  more  extended  research  on  the  sodium 
salts  of  the  exactly  corresponding  phosphoric  acids — a  research 
which  has  demonstrated  that^  whilst  ortho-phdsphates  are  inert 
bodies,  meta-  and  pyro-phosphates,  and  especially  the  latter, 
are  possessed  of  considerable  activity.  I  quote  from  my  note- 
book four  sets  of  experiments  which  clearly  shew  that  in  the 
case  of  frogs,  ortho-vanadic  acid  is  a  less  poisonous  substance 
than  meta-  and  pyro-vanadic  adds,  and  in  the  case  of  rats^ 
ortho-  is  less  poisonous  than  pyro-vanadic  acid. 

In  these  experiments  three  standard  solutions  were  employed, 
prepared  hy  Mr  Taylor,  Demonstrator  in  Metalluig7  in  Owens 
College,  under  the  superintendence  of  Professor  Bosooe,  viz. : 

1.  A  solution  of  Pyro-vanadate  of  Sodium, 

Na^V.O,. 
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2.  A  solution  of  Meta-vanadate  of  Sodiumi 

NaVO,. 

3.  A  solution  of  Ortho-vanadate  of  Sodium, 

Na,VO,. 

These  solutions  all  contained  5  p.c.  of  Yfi^  In  addition  we 
were  supplied  with  some  solid  ortho-Taoadate  of  sodium,  to  be 
weighed  out  and  dissolved  immediately  before  being  used ;  the  ortho- 
vanadate  is  sufficiently  unstable  to  render  it  advisable  that  this  should 
be  done  in  some  experiments. 


EzPEBiMEnrrs  I.  II.  and  III.    Three  frogs  designated  a,  ft  and 
y  were  accurately  weighed,  and  then  1  cubic  centimetre  of  solutions    \ 
of  the  three  sodium  vanadates  were  injected  under  the  skinl 


a  (BIeta-VaHaba^). 

Baha  Tekpobabia. 

Weiglit.83-67.grms. 

1 00.  of  Standard  Soliition 

of  Ka  YOi  injeoted. 

In  4  zninates  month 
gapes  mdely  aUd  frog 
makes  extraordiDary  move- . 
menis  as  if  of  retching. 

In  10  minntes  extends 
hind  legs  oonvnkiTely. 

3d  minntes.  Lower  jaw 
is  drooping.  Otherwise  ap- 
pears normaL 

55  m.  Mnoh  as  before. 
Low^  jaw  still  drooping. 
Movements,  sluggish  and 
nnoertaiii. 

60  m.    Lies  extended. 

65  m.  When  legs  dip- 
ped in  dilnte  add,  no  re- 
flex movements  aie  in- 
dnced. 

95  m.  Upon  exposing 
heart  it  is  foond  to  have 
stopped  beating.  On  ex- 
citing the  ventricle  mecha- 
nically a  contraction  oo- 
cnrs. 

100  m.  Heart  begins  to 
beat  frequently  with  mode- 
rate vigour. 

110  m.  Heart  beating 
langnidly. 

125  m.  Heart  has  ceas- 
ed to  beat.  On  pinching 
it  no  contraction. 


p  (Pxbo-vaxadatb). 

BaNA  TSICPOSABIA. 

Weight  81-21  grms. 

loo.  of  Solntion  of  JXik^Wfi^ 

injected. 

Immediately  after  injec- 
tion i^peara  much  excited, 
leaping  about  under  the 
bell-jar. 

In  9  minutes  floor  of 
month  seems  to  be  bellied 
downwards. 

14  m.  Quiet;  moves 
when  touched;  executes 
spontaneous  movements. 

22  m.  Sprawls;  leaps 
sprawUngly. 

28  m.  Lower  jaw  droops, 
i,e.  mouth  gapes.  Glonio 
spasms  of  boui  hinder  ex- 
tremities. 

24  m.  Complete  para- 
lysis. 

28  m.  Beflex  action  abo- 
lished. 

88  m.  Heart  exposed, 
contraction  of  aniicles 
only;  ventricle  distended 
with  blood. 

88  m.    Heart  contraota 

48  m.  Heart  greatly  dis- 
tended. 

78  m.  Yeiy  feeble  and 
irregular  beats  of  heart. 


y  (Obtho-vahadati^. 

Bana  Tbkporabia. 

Weight  22-26  grms. 

1 00.  of  Solntion  of  Ns^YO^ 

injected. 

27  minutes  after.  Fxo^ 
seems  not  perceptibly  af- 
fected. 

70  m.  Still  quite  nor- 
mal. 

180  m.  Appears  slug- 
gish. 

145  m.  Sprawling.  Lsg 
not  drawn  up  when  pinch- 
ed. When  (tipped  in  sama 
dilute  HgSO^  as  a  and  p  vi- 
gorous reflex  movements. 

160  m.  Beflex  action 
diminished  but  not  abo* 
lished. 

170  m.  Legs  no  longer 
drawn  out  of  acid.  Heut 
exposed ;  found  gorged  witii 
blood  and  beating  aloir)^ 
and  irregularly. 
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ExFEBiMENTS  lY.  Y.  and  YI.  Again  three  active,  healthy, 
firogB  were  weighed  and  had  injected  under  their  skin  quantities  of 
the  three  salts  corresponding  in  each  case  to  the  same  quantity  of 
Y,Oj  viz.  '05  grms. 


a  (Msxi^yaxadazb). 

B.T.  Weight  31-58  grms. 

1 00.  of  Standard  Solniion 

of  Na  VO,. 

In  16  nunntes  move* 
me&tB  are  elnggiBh.  Jaw 
droopfl. 

37  m.  Liee  quietly  prone. 
BaspirationB  haye  oeaaed. 
No  paralysis  of  limbe. 

86m.  Lower  jaw  droops. 
XncipientparalysiBoflimbB. 

87  m.  Slight  sponta- 
neous morements. 

42  m«  Cornea  quite  sen- 
flitiye.  Legs  are  drawn  up 
sluggishly  after  being  ex- 
tended. Lies  sprawling 
still. 

106  m.  after.  Beflex  ac- 
tion not  abolished. 


y  (Obtho-takidatb). 

B.  T.  Weight  ai -94  grms. 

1 00.  Solution  of  NstVO^ 

(Beoently  made). 

26  minutes.     Perfectly 
normaL 
66  m.  Perfectly  normal. 
71  m.    Somewhat  slng- 

gi^. 

96  m.  Lower  jaw  droops, 
leaps  when  touched. 

127  m.  Moves  sprawl- 
ingly  and  fidls  on  its  back. 

176  m.  When  feet  dip- 
ped in  aoid^not  withdrawn  • 

206m.  H^art stiU beat- 
ing, though  Tory  feebly. 


p.  (Pybo-tanabatb). 

B.  T.  Weight  81*06  grms. 

1  CO.  of  Standard  Solution 

of  Na^VjOy. 

20  minutes.  lies  on 
belly;  respiration  has  ceas- 
ed.   Jaw  not  drooping. 

28  m.  Mores  in  an  im- 
perfect, cramped  manner. 

27  m.  Incipient  para- 
lysiB  of  limbs, 

84  m.  Legs  lie  sprawl- 
ing. 

42  m.  Beflex  moTe- 
ments  on  pinching  toes. 

97  m.  Completely  para- 
lyzed; noreflexmorements 
on  pinching. 

182  m.  When  immersed 
in  add,  legs  sluggishly 
drawn  out. 

192  m.  Heart  exposed, 
auricles  beating  slowly; 
ventricle  tightly  contract- 
ed. 


EzpBBiMXzrrs  YIL  and  VIIL  Two  white  rats  of  as  nearly  as 
possible  the  same  weight  were  chosen ;  under  the  skin  of  one  was 
injected  a  recentiy-prepared  solution  of  ortho-vanadate ;  onder  that 
of  the  other  a  solution  of  pyro-yanadate  containing  an  equivalent 
quantity  of  Y^O^ 

Bat  a. 

Ortho-vanadate  of  Sodium. 
Weight  of  Bat  206  grammes. 

March  21, 1876. 

8  h.  5  m.  P.K.  Injected  0*6  ec  of  a 
solution  of  ortho-vanadate  containing 
y  equal  to  0-026  of  Y^Ob  injected  under 
the  skin. 

8.10.    Seems  perfectly  normaL 

8.25.    Still  quite  unaffected. 

4.50.  Perfectly  normal.  Is  moving 
about  actively. 

Mareh  22. 

11  LV.  Appears  rather  slii^ith; 
otherwise  normal.  Bats  and  drinks. 
Has  no  diarrhoea. 

2.10.  Animal  now  suffering  from 
diarrhcea.  FsBces  very  fluid  and  con- 
tain much  mucus. 

Mareh  28. 
Found  dead  this  morning. 


IUt/3. 

Pyro-vanadate  of  Sodium. 
Weight  of  Bat  220  grammes. 

Mareh  21, 1876. 

8  h.  11  m.  p.ic.  Injected  0-5  oo.  of 
standard  solution  of  Ka^V^O,,  con- 
taining V  equal  to  0-025  of  Yfi^. 

8^20.  Very  quiet.  DlBinolined  to 
move.    Bespiration  gasping. 

8.45.  Seems  drowsy,  moving  slug- 
gishly. 

8.50.  Lies  on  the  side  or  on  the 
belly,  with  legs  outstretched. 

4.15.  Still  lying  on  side;  is  drowsy 
but  moves  when  touched.  Has  diar- 
rhoea. Piilpy  fsoes  mixed  with  mucus. 

4.80.  When  touched,  moves  about 
unsteadily  and  uneasily. 

Mareh  22. 

In  the  morning  found  very  sluggish. 
Great  lachrymation.  Bespirations  very 
laboured. 

At  8.15  was  found  dead. 
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ExFEBiMENTB  IX.  and  Xi  Again  two  white  rats  experimented 
upon.  Plan  of  ezperimentB  same  as  before ;  the  dose  of  vanadium 
increased. 


Bat  a. 
Ortho-Taiisdate  of  Sodiom. 

March  28, 1876. 
Weight  of  Bat  158  grammes. 
At  12  h.  45  m.  p.ic    Injected  0*1 
grm.  of  Na.V04  difisolTed  in  1  co.  of 
water  (=±0-05  gnn.  of  T,0,). 
1.85.    Perfectly  noimal. 
4.40.    Bather  Blnggish. 

March  24. 
9.80.    Is  very  Blnggish.    Has  cha- 
raoteristio  laehiymation  and  diarrhoea. 
Will  not  eat. 

12.0.     Has  not  moved  since  last 
report, 
8.0.    Is  obvionsW  dying. 
4.80.    Quite  dead. 


IUt/3. 

Pyro-vanadote  of  Sodiom. 

March  28, 1876. 

Weight  of  Bat  148  grammes. 

At  12  h.  20  m.  p.k.  Injected  1  cc. 
of  standard  solation  of  Na/STsOj  (con- 
taining V=0  06  grm.  of  V,OJ. 

12.40.  Sluggish;  respiration  jerlcy 
and  slow. 

1.80.  Lies  on  its  side,  disinclined 
to  move. 

1.40.  Notioed  to  have  diarrhoea; 
faces  green,  polpy  and  contain  much 
mncns. 

2.5.  In  a  very  drowsy,  slaggish 
state;  respiration  gasping  and  uneasy. 

4.20.  Lying  on  its  side;  motionless 
when  touched.  Bespiration  very  diffi- 
cult and  slow. 

March  24. 
9.20  A.M.    Found  dead. 

These  four  complete  sets  of  experiments  demonstrate  in  a 
very  conclusive  manner  the  fact  which  we  have  a8certaine<l 
by  many  other  experiments,  that  the  poisonous  activity  of 
ortho-vanadate  of  sodiuni  is  much  less  than  that  of  the  pyro- 
or  meta-vanadates  of  the  same  base. 

Although  the  poisonous  activity  of  vanadium  appears  to 
differ  in  these  compounds,  their  fundamental  mode  of  action 
is  the  same;  in  all  its  compounds  vanadium  appears  to  exert 
its  chief  action  on  the  medulla  oblongata  and  spinal  cord, 
rapidly  impairing  the  action  of  the  various  centres  situated 
in  the  former,  whilst  it  interferes  in  the  most  marked  manner 
with  the  reflex  action  of  the  latter;  in  all  its  compounds  it 
retains  its  actions  as  an  irritant  of  the  alimentary  mucous 
membrane,  and  as  an  agent  exerting  a  definite  poisonous  action 
upon  the  intrinsic  nervous  mechanism  of  the  heart 

Any  speculations  as  to  the  cause  of  the  difference  of  activity 
of  vanadium  in  the  various  vanadic  acids  will  be  most  suitably 
discussed  in  relation  with  the  new  facts  which  have  been 
recently  discovered  in  this  Laboratory,  as  to  the  radical  dif- 
ferences in  the  action  of  ortho-,  pyro-,  and  meta-phosphoric 
acids. 


ON  THE  DIFFERENCE  IN  THE  POISONOUS  ACTI- 
VITY OF  PHOSPHORUS  IN  ORTHO-,  META-  AND 
PYRO-PHOSPHORIC  ACIDS.  By  Professob  Arthur 
Gamqee,  M.D.,  F.R.S.,  John  Priestley,  Assistant  Lecturer 
in  Physiology  a/nd  Histology  in  Owens  College,  and  Leopold 
Larmuth,  PkM  Physiological  Scholar ^  OWens  College. 

{FVom  the  Physiological  Laboratory  of  Owens  College) 

When  experiment  had  shewn  that  Yanadium  exerts  a  different 
poisonous  intensity  according  as  it  exists  in  ortho-,  meta-  and 
pyro-vanadic  acids,  it  occurred  to  us  that  it  would  be  of  great 
interest  to  determine  whether  any  similar  difference  would  be 
manifested  by  the  much  better  known  corresponding  phosphoric 
acids. 

Phosphorus  pentoxide  (or,  as  it  used  to  be  called,  anhydrous 
phosphoric  acid)  may  be  made  to  combine  with  the  elements  of 
water  and  to  yield  three  most  interesting  acids,  which  used 
formerly  to  be  represented  as  three  hydrates  of  phosphoric 
anhydride,  and  which  haYe,  since  the  researches  of  Graham 
made  them  known  to  us,  been  distinguished  by  the  names  of 
ortho-,  pyro-  and  meta-phosphoric  acids. 

Ortho-,  common,  or  tribasic  phosphoric  acid  used  formerly 
to  be  known  by  the  rational  formula  SHO.PO^,  which  repre- 
sented it  as  a  compound  of  PO^  with  three  molecules  of  water ; 
making  use  of  the  higher  atomic  weights  which  we  now  univer- 
sally employ,  that  formula  becomes  SH,0 .  Vfi^,  The  fact  that 
ortho-phosphoric  acid  may  be  obtained  by  a  direct  combination 
of  P,0^  and  SH,0  does  not  however  warrant  the  assumption 
that  ortho-phosphoric  acid  is  a  compound  in  which  water  is 
linked  to  P,0^ ;  indeed  that  assumption  is  disproved  by  a  variety 
of  considerations,  and  we  now  write  the  formula  of  ortho-phos- 
phoric acid  HgPO^  which  merely  indicates  that  it  is  an  acid 
which  possesses  three  atoms  of  H  replaceable  by  three  atoms  of  a 
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monatomic  metal.  We  may  represent  the  constitution  of  ortho- 
phosphoric  acid  by  the  formula  (H0)3P0,  by  which  we  indicate 
that  ortho-phosphoric  acid  is  a  compound  of  the  oxygenated 
radical  PO  with  three  atoms  of  hydroxyl,  which  may  bo  replaced 
by  one,  two,  or  three  atoms  of  a  univalent  radical  such  as  NaO. 
The  following  graphic  formulae  represent  the  structure  of 
ortho-phosphoric  acid  according  to  this  view,  and  that  of  normal 
sodium  ortho-phosphate,  which  is  of  interest  to  us  as  having 
been  used  in  our  research : 

H 

I 
O 

I 

H  —  O  —  P  =  O  (PH),PO  or  H,PO, 

O 

I 
H 

Na 

I 
O 

i 

Na  —  O  ^  P  -  O  (NaO),PO  or  Na,PO, 

O 

I 

Na 

From  ortlio-pliosplioric  acid,  by  the  aid  of  heat,  we  can  obtain 
pyro-phosphoric  acid,  which  used  to  be  represented  by  the 
formula  SHO.  PO,  {i,t.  with  the  present  atomic  weights 
2  H,0 .  PgOJ,  and  by  the  still  further  application  of  heat  meta- 
phosphoric  or  glacial  phosphoric  acid  is  obtained. 

According  to  the  old  view  pyro-phosphoric  acid  was  a  com^ 
pound  of  two  molecules  of  water  with  one  of  P,0,  and  was  a 
dibasic  acid.  This  view  of  its  constitution  is  certainly  incorrect. 
Pyro-phosphoric  acid  is  a  tetrabasic  acid,  represented  by  ihe 
empirical  formula  H^P.O,,  and  which  may  be  represented  hy  the 
constitutional  formula  P,0,  (HO)^. 
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The  following  graj^c  formuln  represent  the  constitation  of 
pyro-phosphoric  acid  and  normal  sodium  pyro-phosphate : 

H  H 

I  I 

O  O 


0  =  P  — O— P  =  0  0«P  — 0  — P-0 


Na 

■ 

Na 

t 

0 

O 

1 

1 

.P- 

-0- 

-p. 

1 

1 

0 

0 

1 

1 

Na 

Ka 

o         o 

I        I 

H  H 

H,P,0,  or  P,0,(OH),  Na,P,0,  or  P^O.CNaO), 

Meta-phosphoric  acid  used  to  be  represented  by  the  formula 
HO.PO^  (HjCPjO.),  indicating  the  presence  in  it  of  a  molecule 
of  water  and  a  molecule  of  phosphoric  anhydride.  We  now  re- 
present it  by  the  empirical  formula  HPO,;  thus  whilst  H^O  and 
P,Og  may  be  obtained  on  heating  the  acid,  water  is  not  con* 
tained  in  the  molecule  of  the  acid,  of  which  two  molecules  are 
required  in  order  to  furnish  one  molecule  of  Bifi. 

Meta-phosphoric  acid  may  be  represented  by  the  rational 
formula  PO,(OH),  and  the  graphic  formulae  of  the  acid  and  of 
its  normal  sodium  salt  may  be  exhibited  thus : 


0»P  =  0 

0«P  =  0 

1 

0 

0 

1 

H 

Na 

PO,(OH)  PO.(ONa) 

Meta-phosphoric  acid.    Sodium  meta-phosphate. 

It  would  naturally  be  out  of  place  here  to  describe  the 
methods  of  preparation,  the  properties,  or  the  reactions  of  the 
three  phosphoric  acids ;  the  few  remarks  which  we  have  made 
on  their  constitution  ate  to  remind  our  readers  of  the  changes 
which  have  occurred  in  our  views  of  the  relation  of  these  com* 
pounds,  which  although  genetically  related  must  be  looked  upon 
as  three  distinct  phosphorus  compounds,  in  which,  in  spite  of 
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the  fact  that  they  can  all  be  resolved  into  phosphoric  anhydride 
and  water,  we  probably  have  three  separate  oxidized  radicals,  of 
different  structure.  After  describing  our  experiments  we  shall 
add  some  theoretical  considerations  to  try  and  establish  some 
relation  between  the  constitution  and  physiological  action  of 
the  phosphorus  compounds  under  examination. 

Historical  details.  Of  the  three  compounds  of  phosphorus 
which  interest  us  only  one  has  hitherto  been  examined  in  its 
relations  to  the  animal  economy,  viz.  ortho-phosphoric  acid,  and 
it  has  been  found  to  have  the  action  of  other  strong  mineral 
acids  when  administered  uncombined  and  in  a  concentrated 
state  \ 

We  know  of  no  physiological  experiments  performed  with 
any  of  the  salts  of  ortho-phodphoric  acid.  One  of  these, 
disodium  hydric  phosphate,  is  officinal,  and  is  used  in  medicine. 
The  experience  of  physicians  has  shewn  that  this  salt  is  desti- 
tute of  any  active  physiological  action' ;  when  administered  in 
large  doses,  as  from  15  to  80  grammes,  it  acts  as  a  mild  purgative ; 
the  mildness  of  its  action  and  a  belief  in  its  exerting  a  special 
action  on  the  liver  and  pancreas"  has  caused  it  to  be  used  of  late 
years  as  a  mild  laxative  for  children. 

Plan  of  the  present  research.  In  investigating  the  special 
physiological  action  of  any  poisonous  acid  it  appears  essential, 
in  the  first  place,  that  a  compound  of  the  acid  with  an  inactive 
metallic  radical  should  be  selected ;  for,  whilst  all  facts  tell  us 
that  the  specific  action  of  a  poisonous  acid  is  retained  in  such  a 
compound,  we  know  that  in  virtue  of  its  mere  uncombined  state 
any  acid  will  exert  such  an  immediate  action  upon  the  physical 
structure  and  even  the  chemical  constitution  of  the  solids  and 
liquids  of  the  body  as  to  mask  any  special  physiological  action 
which  the  acid  may  possess.  Leaving  aside  the  case  where 
acids  are  introduced  into  the  body  in  such  large  quantities  that 
they  exert  a  corrosive  or  solvent  action  on  the  parts  with  which 
they  come  in  contact,  we  know  that  if  an  acid  or  a  salt  of  acid 
reaction  be  introduced  into  the  blood  in  a  quantity  at  all  greater 
than  suffices  to  neutr^ize  the  feeble  alkalinity  of  that  fluid,  we 

1  Hermann,  Lehrbuch  der  experimentelUn  ToxicologU,     S.  168. 

•  Nothnagel,  llandbueh  der  Arzneimittellehre.    Zweite  Auflage.    S.  213 

»  Bt^heoson,  Edinbyrgh  Med.  jQurnal,  1867,  Vol.  xm.  p.  836. 
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have  at  once  an  energetic  decomposition  of  the  blood-cdlouring 
matter,  which  splits  up  into  hsematin  and  a  proteid  body, 
besides  precipitation  of  proteids  contained  in  the  plasma  which 
are  held  in  solution  by  the  alkalis  contained  in  that  fluid. 
When  such  changes  are  induced  it  is  needless  to  say.  that  we 
may  seek  in  vain  for  the  specific  results  of  the  physiological 
action  of  the  substance  which  has  led  to  their  occurrence. 

In  order  to  obviate  any  effects  which  might  depend  upon  mere 
acidity  and  to  make  our  experiments  comparable,  we  usually 
experimented  with  the  solutions  of  pure  trisodic  ortho-phos- 
phatOy  tetrasodic  pyro-phosphate  and  sodium  meta-phosphate>  in 
most  of  our  experiments  making  use  of  standard  solutions  which 
contained  the  same  amount  of  phosphorus,  calculated  as  P,Og. 

Our  experiments  were  performed  on  frogs,  rabbits,  and  dogs, 
and  the  d^gs  investigated  were  genentllj  introduced  into  the 
system  either  by  injecting  their  solutions  subcutaneously  or  into 
the  veins.  They  will  be  di^dded  into  three  series ;  only  those 
experiments  are  quoted  which  are  required  to  bring  out  promi- 
nently the  fact  of  the  great  difference  in  poisonous  intensity 
which  exists  between  ortho-,  meta-  and  pyro-phosphoric  acids, 
all  the  experiments  which  specially  elucidate  the  action  of  pyrp- 
phosphoric  acid  as  a  poison  of  the  circulation  being  reserved 
for  a  separate  communication. 

Experiments  on  Sodium  Ortho-Phosphate. 

Exp.  I.  A  solution  of  pure  crystallized  disodium  hydnc  phos- 
phate (NagHPO^+12HjO)  made,  containing  2-5  percent  of  P,0^. 

H.     M. 

1  .  55.     Injected  1  cc.  cf  this  solution  under  the  skin  of  a  small 

frog  weighing  14*29  grammes. 
After  the  injeotion  the  frog  appears  quite  active  and  leaps  away. 

H.    M. 

2  .  10.     Prog  is  quite  lively,  leaping  about  under  the  bell-jar. 
2  .  15.     No  perceptible  effects;  frog  appears  quite  lively. 

The  frog  was  observed  at  intervals  till  5h.  10m.,  no  poisonous 
action  being  noticed;  it  was  then  placed  in  the  trough,  and  the 
following  morning  it  was  found  in  a  perfectly  normal  condition. 

Exp.  II.  (1  f  3  I  76.)' 

H.       M. 

12  .  13.    Injected    2cc.  of  the  same   standard  solution  of  sodium 

17—2 
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ortiio-phoBphate  under  the  skin  of  a  frog  weighing  20*655 
grammes ;  after  the  injection  the  frog  leaps  away  .actively. 
12  .  55.  The  frog  appears  perfectly  normaL  After  this  the  frog 
was  watched  carefully  until  6  p.m.,  when  it  was  placed  in 
the  trough ;  on  the  following  morning  it  was  found  to  be 
perfectly  normal. 

^xp.  ILL  (12  I  3  I  76.)  A  rabbit  weighing  1838  grammes 
had  its  left  carotid  connected  with  the  kymographion,  and  three 
separate  quantities  of  solution  of  ortho-phosphate  of  sodium  were 
injected  into  the  right  jugalar  vein. 

The  solution  contained  2*5  per  cent,  of  P^O^  as  tri-sodium  ortho- 
phosphate,  and  the  quantity  injected  each  time  was  2  ca,  so  that  in 
all  0*15  grm.  of  P,0^  as  ortho-phosphate  was  injected.  Between  the 
1st  and  2nd  doses  the  interval  which  elapsed  was  8  minutes  and 
5  seconds,  between  the  2nd  and  3rd  26  minutes  and  40  seconds. 
Throughout  the  whole  experiment  no  appreciable  change  occurred 
in  blood-pressure,  in  number  or  character  of  heart-beats. 

Without  quoting  the  actual  notes  of  the  experiment  in  detail,  we 
may  illustrate  the  statement  by  giving  the  arterial  pressure  and 
heart-rate  for  10  seconds  before  the  1st  injection  of  the  drug,  after 
the  2nd  and  3rd. 

H.      JC.      B. 

1  .  29  .    0.  Before  1st  injn.  arterial  pressure  85  mm.  P.  52  in  10  sees. 

1  .  37  .  35.  After  2nd  injection      ditto  85  mm.  P.  52  in  10  sees. 

2  ,    4  .  20.  After  3rd  injection      ditto  83  mm.  P.  52  in  10  sees. 

This  rabbit  was  released  and  appeared  perfectly  normal  after  the 
experiment.  It  was,  as  an  exception  to  our  usual  laboratory  rule, 
allowed  to  live,  in  order  that  its  state  might  be  watched.  It 
continued  perfectly  normal,  and  on  the  20th  March,  being  in  per- 
fectly good  health,  it  was  subjected  to  the  action  of  sodium  pyro- 
phosphate. 

Exp.  IV.  A  vigorous  rabbit,  the  weight  of  which  was  unfortu- 
nately not  ascertained,  was  experimented  upon  as  the  one  in  Exp.  III. 
In  this  case  12  injections  of  the  same  solution  of  sodium  ortho-phos- 
phate, each  of  1*75  cc.,  were  made  into  the  jugular  vein,  so  that  in  all 
21  cubic  centimetres  of  a  solution  of  ortho-phosphate  containing 
0*25  per  cent,  of  P^O^  were  introduced  into  the  circulation,  but,  as 
will  be  seen  from  the  following  data,  there  was  no  perceptible  effect 
produced  either  upon  blood-pressure  or  heart-beats. 

Time.  Blood  Press.  Pise,  in  10  sees. 

Before  Ist  injection... 134  48 

After  4th  injection 128  38 

After  8th  injection 138  40 

During  12th  injection 124  44 
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No  phenomena  of  any  kind  were  observed  to  be  produced  by 
the  injection  into  the  blood  of  this  rabbit  of  sodium  ortho-phosphato 
containing  0-526  grm.  of  P,0,. 

The  experiments  which  have  been  narrated  shewed  that  sodium 
ortho-phosphate  was  apparently  an  inert  substance,  contrasting,  as 
will  be  seen,  in  a  very  marked  manner  with  sodium  pyro-phosphate. 

For  reasons  which  will  appear  obvious  in  the  sequel,  the  follow- 
ing experiments  were  performed  ; 

Exp.  V.  (10  I  3  I  76.) 

H.      M. 

3  .    0.     Heart  of  Bana  temporaria  prepared  for  Coates'  expeiiment. 

Connection  made  with  serum  reservoir  and  gauge.    BeddLsh 

and  fresh  rabbifs  serum  used. 
3  .  20.     Normal  tracing  taken.     Heart  is  beating  vigorously  6  times 

in  10  seconds. 
3  .  30.     A  second  tracing  taken ;  exactly  same  as  first.    Serum  now 

mixed  with  1-2  4th  of  its  volume  of  a  standard  solution  of 

Na^PO*  containing  5  per  cent,  of  P,Oj. 
3  .  35.     Heart  baats  with  great  vigour  and  peifect  regularity. 

3  .  50.     Tracing  again  taken.     Heart  beats  very  vigorously,   only 

about  3  times  in  10  second& 

4  .  30.     Heart  still  beating  vigorously  4  times  in  10  seconds. 

5  .  50.     Heart  still  beating  vigorously  4  times  in  10  seconds. 

Exp  YI.  (14  |  3  |  76.)  Bana  temporaria  prepared  for  Coates' 
experiment. 

H.     M. 

1  .  10.     Tracing  taken.     Heart  beating  normally  5 — 6  times  in  10 

seconds. 

2  .  10.     Another  normal  tracing  taken.  Heart  still  beats  5 — 6  times 

in  10  seconds. 
2  .  15.    The  pure  serum  replaced   by  a  mixture  of  1  volume  of 

standard  solution  of  Na.PO.  and  9  volumes  of   reddish 

rabbit's  serum. 
2  .  20,     Yentricle  contracting  imperfectly  and  irregularly.  A  tracing 

taken  which  is  but  a  wavy  line. 
2  .  30.     Heart  beating  more  perfectly  than  before,  still  slowly. 

2  .  40.     Yentricle  now  again  contracts  with  very  great  vigour,  and 

contraction  lasts  long.    About  2  contractions  in  10  seconds. 

3  .  30.     Yentricle  still  contracting  energetically,  but  very  slowly 

and  somewhat  irregularly. 


EXPEBIMBNTS  &N  SODIUM    MbTA-PHOSPHATE. 

In  these  experiments  a  solution  containing  NaPO.  was  made. 
The  P  calculated  as  P,0,  amounted  to  5  per  cent.    It  therefore 
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contained  in  an  equU  Tolume  twice  as  much  P  as  the  solution  of 
ortho-phosphate  employed  in  Experiments  1  to  6. 

Exp.  VII.  (13  I  3  I  76.) 

H.      H. 

3  .  30.  A  vigorous  specimen  of  Rana  temporaria  weighing  33*72 
grammes  had  1  cuhic  oeotimetre  of  the  standard  solution  of 
sodium  meta-phosphate  injected  under  the  skin.  The  frog 
leaped  away  vigorously  after  the  injection. 

3  .  35.     Frog  appears  to  be  in  a  perfectly  normal  condition. 

3  .  40.     No  perceptible  change  in  the  frog. 

3  .  50.     In  same  state  as  before. 

4  .  40.     Is  sluggish :  does  not  move  at  once  when  touched.     Partial 

paralysis  of  hi  ad  limbs. 

5  .  50.     Very  sluggish.     Lies  on  belly  with  hind  limbs  extended. 

Keflex  action  is  impaired  but  not  abolished. 

The  frog  wto  then  placed  upon  moistened  filter  paper  under  an 
inverted  funnel  On  the  morning  of  the  14th  the  £rog  was  found  to 
have  apparently  recovered. 

Exp.  VIIL  (12  |  3  |  76.)    A  rabbit  weighing  1794  grammes. 

H.      M. 

4  .  0.  Injected  1  ca  of  standard  solution  of  sodium  meta-phosphate 
into  left  external  jugular  vein.  No  change  in  the  animal's 
condition  resulted. 

4  .  52.     Injected  1  cc.  more  of  solution.     After  it  appears  absolutely 

normal. 

5  .  20.     Injected  2  cc.  of  solution  ( =  O'lO  grm.  of  PgOj).    No  change. 

6  .    0.     Appears  in  perfect  health.     Is  eating.     The   wound  was 

stitched  up  and  the  animal  recovered. 

Exp.  IX.  (20  I  3  I  76.)     Eabbit  weighing  1678  grammes. 

3  .  40.  The  rabbit  being  quite  well  and  its  temperature  39*4°, 
5ca  of  standard  solution  of  sodium  meta-phosphate  (con- 
taining P  corresponding  to  0*25  grm.  of  P.Oj)  were  in- 
jected under  the  skin.     No  symptoms  were  noticed. 

The  following  day,  21st  March,  1876,  at  10  a.m.,  the  animal 
seemed  normal.     Temp.  39 -2^     Eespirations  appear  slow. 

By  an  accident  one  of  this  rabbit's  legs  was  broken  and  it  was 
killed. 

Sectio  Cadaveris,  Liver  greyish  throughout,  friable ;  not  decidedly, 
but  doubtfully  &tty.  Eadney  mottled  extensively  with  white ;  me- 
dullary portion  congested  ;  cortical  portion  swollen ;  renal  epithe- 
lium somewhat  cloudy.  Bladder  filled  with  brown  thick  urine, 
which  was  albuminous. 
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Exp.  X.  (14  I  3  I  76.)    Kana  temporaria  prepared  for  Cogtes' 
experiment.     Fed  with  reddish  rabbit's  serum. 

H.     IC 

3  .  50.    Normal  tracing  taken.    Heart  ia  beating  regularly  and 

vigorously  5 — 6  times  in  1 0  seconds^     Tracing  taken. 

4  .  30.     Heart  bewbting  still  regularly.     Another  tracing  taken  and 

found  not  to  differ  sensibly  from  the  last. 

Pure  serum  now  replaced  by  a  mixture  of  1  volume  of  standard 
solution  of  meta-phosphate  and  25  volumes  of  serum. 

4  .  32.     Yentricle  hardly  contracting.     Is  distended;  cannot  get  a 

tracing.     Auricles  contracting. 
4  .  45.     In  same  state  as  before.     Auricles  contracting  imperfectly 

10  times  in  30  seconds.     Direct  mechanical  excitation  does 

not  cause  the  ventricle  to  contract. 

4  .  48.     Auricle  contracting  1 1  times  in  30  seconds. 

5  .  15.     Ventricle  as  before.   No  contraction  on  excitation.  Auricles 

contracting  very  feebly  1 1  times  in  30  seconds. 


EXPBBIHENTS  WITH  SODZUM  PtBO-PHOSPHATE. 

In  this  series  of  experiments  solutions  of  pure  sodium  pyro- 
phosphate were  prepared  either  by  dissolving  the  crystallized  aedt, 
Na^P.O,  +  12H^0,  or  the  anhydrous  salt  obtained  by  igniting  Ihe 
above. 

Exp.  XI.  (29  I  2  I  76.) 

B.     M. 

12  .  20.     An  active  English  frog  weighing  16*4592  grms.  had  1  cub. 
cent,  of  a  standard  solution    of  sodium    pyro-phoBphate 
injected  under  the  skin  of  the  back.     The  solution  of  pyro- 
phosphate corresponded  to  2  per  cent,  of  P,Os. 
12  .  40,    Appears  quite  active^  leaping  about  under  the  large  funnel 

by  which  it  is  covered. 
12  .  50.   Struggles  as  if  attempting  to  leap,  but  unable. 

1  .  2.5.  Lies  with  limba  extended.  No  movement  on  pinching 
toes. 

1  .  25»  Frog  appears  dead.  limbs  are  perfectly  flaccid  and  motion* 
less.     No  reflex  action  on  exciting  the  skin. 

1  .  27.  Left  sciatic  exposed.  Excited  by  weak  induction  shocks 
of  Du  Bois  Beymond's  induction  coil.  With  secondary 
coil  at  28  centimetres  from  primary,  muscles  contract  welL 

1  .  33.  Upon  exposing  the  heart  it  is  seen  to  be  engorged  with 
venous  blood  aud  beating  regularly  15  times  in  30  seconds. 

1  .  55.    Upon  galvanizing  the  left  sciatic  muscular  contraction  still 

takes  place. 

2  .  15.    Movements  of  leg  still  occur  on  exciting  sciatic. 
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Exp.  XII.  (29  I  2  I  76.) 

2  .  7.  Injected  2  oc.  of  the  same  aolution  of  pjro-pbosphate  of 
sodium  tinder  the  skin  of  a  healthj  B.  temporaria  weighing 
22*32  grammes. 

2  .  30.  Frog  sprawls;  cannot  support  itself  on  its  anterior  ex- 
tremities. 

2  •  35.     lies  passive  and  flat.     When  hind  limbs  are  extended  does 

not  draw  them  forward&  Still  possesses  apparently  some 
slight  power  of  voluntarily  moving  its  body.  There  ia  in 
fact  a  state  of  paresis,  if  not  of  pandysis. 

3  .  10.     Frog  perfectly  flaccid.    Heflex  action  found  to  be  completely 

aboli^ed  when  limbs  are  dipped  in  dilute  H,SO^. 

3  .  15.     Upon  exposing  left  sciatic  and  exciting  by  means  of  weak 

induction  shocks  (secondary  coil  of  !Du  Bois  Beymond's 
apparatus  at  28)  twitching  of  the  legs  occurs. 

4  .  25.     Heart  exposed  and  found  to  be  beating  feebly  but  regularly 

14  times  in  30  seconds, 

Exp.  XIII.  (2  I  3  I  76.) 

A'  very  active  B  temporaria  weighing  39*49  grms.  had 

1  ca  of  the  same  solution  of  Na^F^O,  injected  under  the  skixk. 

Frog  very  inactive. 

Frog  sprawls.     On  pinching    hind    legs  they   are    fully 

drawn  up. 

Frog  in  a  very  sluggish  state,  still  afler  posterior  extremities 

have  been  extended  they  are  slowly  drawn  up. 

Frog  lies  perfectly  flaccid. 

In  same  state  as  before.    No  reflex  movements  when  toes 

are  pinched. 
11 .  30.    Frog  lies  perfectly  flaccid.     Beflex  aotion  tested  by  dipping 

legs  into  dilute  iLSO^,  and  found  to  be  abolished. 
11.  35.     Heart  exposed.     Is  engoi^ged  with  very  venous  blood  and 

beats  r^ularly  17  times  in  30  seconds. 

1 1  .  50.     Heart  beating  very  slowly  and  imperfectly. 

12  .  15.     Heart  in  a  very  distended  state  :  scarcely  pulsating. 

Exp.  XIY.  In  this  experiment  a  rabbit  weighing  2535  grammes 
was  employed.  2*5  cc.  of  the  standard  solution  of  sodium  pyro- 
phosphate, as  used  in  the  last  experiments,  waa  mixed  with  5  ca  of 
sheep's  seiruia. 

2  cc.  of  this  mixture  injected  into  the  external  jugular  vein. 

Injection  completed.     No  convulsions  or  movements. 

Appears  normal. 

Seems  quite  normal. 

Injection  of  other  2  cc.  commenced. 

Injection  completed.     No  convulsions.    Appears  drowsy  (t). 
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5  ;  33.     Injected  nearly,  but  not  quite,  2  oc. 

5  .  35.     Stretching  convukions.     ParalysiB  of  hind  limbs. 

5  .  38.     Severe  stretching  convolsions.     Eyes  insen8itiy&     (Gasping 

respiration. 
5  .  40.     Tremors  of  lips. 
5  .  50.    Sectio  cadaveria.     Eight  heart  is  distended ;  auricles  are 

beating. 

Ezp.  XY.     Rabbit  weighing  2265  grammes. 

H.       M. 

12  .  16.     Kespirations  20  in  10  seconds. 

12  .  51.  Injected  2*5  cc.  of  same  solution  of  sodium  pyro-phosphate 
(this  quantity  of  solution  contains  F  =  '05  grm.  of  F,0,) 
into  the  external  jugular  vein.  Struggles ;  when  released 
moves  about  normally.     Kespirations  11 — 13  in  10  Bec& 

1  .    9.     Seems  normal ;  if  anything  is  rather  drowsy. 

1  .  15.  Kespirations  10  in  10  seconds.  Heart  beats  40 — 44  in 
10  seconds. 

1  .  38.     Injection  of  5  cc.  of  the  solution  (='10  grm.  of  P,Ob). 

1  .  39.  Most  severe  convulsions^  opisthotonos;  donic,  stretching 
convulsions.  Cornea  insensitive.  Respiration  rapid  and 
powerful. 

1  .  41.  Cornea  quite  sensitive  again.  Complete  paralysis  of 
posterior  but  not  of  anterior  extremities.  Kespirations 
36,  34,  33,  and  34  in  10  seconds.  Hind  limbs  now  lax 
and  quite  paralyzed.  No  reflex  action  follows  pinching 
any  portion  of  skin,  but  movements  of  eyelids  follow  irri- 
tation of  the  cornea. 

1  .  46.  Heart  beats  40  times  in  10  seconds.  On  touching  its  fore- 
legs the  rabbit  moves  its  eyelids  but  not  its  limbs. 
Paralysis  of  whole  body  except  head. 

1  .  49.  No  alteration  of  eye^on  pinching  the  legs.  Attempts  to 
move  in  a  wriggling  manner.  Sharp  slight  opisthotonic 
movements.  Opisthotonos.  Cessation  of  respiration.  Pupils 
dilating.     Stoppage  of  heart. 

1  .  52.     Is  quite  dead. 

1  .  57.  SecHo  cadcweria.  Slight  movements  of  heart,  the  cavities 
of  which,  espedaUy  the  right,  are '  gorged  with  blood. 
Yermioular  movements  of  iutestines  are  proceeding  ac- 
tively.    Intestinal  vessels  are  much  injected  with  blood. 

Exp.  XYL  (15  I  3  I  76).    Rabbit  weighiog  1595  grammes. 

H.     M. 

1  .  55  p.m.  12'5  cc.  of  a  solution  of  sodium  pyro-phosphate  solution 
(containing  P~2  per  cent  of  P.O,)  diluted  with  8co»  of 
water  were  injected  imder  the  skm  of  the  left  side. 

3  .  30.     The  rabbit  is  lying  down  and  appears  normal. 

4  .  25.     Crouches  or  lies  as  if  sleepy ;  otherwise  is  normal. 
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March  16. 

9  .  30  a.m.     Babbit  appeara  -vreak  and  ill ;   sniffles  in  breathing. 

Can  walk,  but  is  weak.     Bespiiation  5 — 6  in  10  seoonds^ 

deep. 
2  .  47.     Temperature  in  rectum  35*6®  C. 
5  .  30.     The  same  state  as  before. 
9  .  37.     Respiration  5—6  in  10  seconds. 

10  .  45.     Condition  remains  unaltered.     Drinks  greedily. 

March  17. 

1 1  .  30  a.m.     Temperature  ia  rectum  34*1^  C.     lies  on    its    side 

unable  to  stand.  Bladder  emptied  by  pressing  abdomen. 
28oc.  of  urine  were  obtained;  reaction  acid;  contains  a 
large  quantity  of  albumen;  contains  a  doubtful  traee  of 
bile-colouring  matter  and  no  sugar.  Chlorides  appear  de- 
ficient. 

1  .  28.     Respirations  10  in  10  seconds.     Cannot  stand. 

1  .  38.     Found  dead. 

Sectio  cadaveria.  On  dissecting  the  skin  from  the  middle  line  of 
the  abdomen  the  cellular  tissue  is  found  to  be  (edematous,  so  that 
large  quantities  of  i9uid  trickle  away.  Auricles  and  ventricles  of 
heart  have  ceased  to  beat.  Both  sides  of  the  heart  contain  blood, 
which  coagulates  on  exposura  Lungs  normal  No  appearance  of 
peritonitis.  Intestinal  peristalsis  still  going  on.  Stomach  contains 
a  small  quantity  of  food.  On  opening  it  a  few  doubtful  punctiform 
extravasations  were  se^i.  Duodenum  contained  much  greenish  gela- 
tinous muciis.  Its  upper  part  presents  injection  of  the  mucous 
membrane.  Small  intestine  appears  injected  throughout  its  entire 
length.  Liver  appears  normal  Right  kidney  is  fatty;  left  not 
juarkedly  so.    Bladder  contains  some  urine. 

Exp.  XVIL  (20  |  3  |  76.)    Rabbit  weighing  1813  grms. 

H.     IL 

1  .  0  p.m.  Temperature  in  rectum  39'8°C.  Injected  6*25  cc.  of 
standard  solution  of  l^B,^fi^  below  the  skin  (the  P  in  this 
quantity  is  equal  to  0'125  grm.  of  PgO,). 

1  .  15.    Seems  slightly  uneasy. 

5  .  30.     Lies  quiet. 

March  21. 

10  .    0  a.m.     Appeals  to  be  in  a  normal  condition. 

1 1  .  45.     Temperature  in  rectum  38 -S*  C. 

5  .  40.  Has  eaten  well,  and  seems  in  good  health.  T.  38 -4^ 
Again  injected  6*5  cc.  of  same  solution. 

March  22. 

9  .  30.  Seems  normal ;  perhaps  a  little  quieter  than  usual 

1  .  25..  Appears  normal.    T.  39*  C.  Respirations  17  in  10  seconds. 

4  .    0.  Tempeivitaro  39''  C. 

4  .  50.  .  Iiv^ted  6*5  cc  of  same  solution  under  skin. 
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March  .23. 

8 .  30  p.m.  Temp.  38*6*.  Respiration  10  in  10  seconds  and 
irregular.  Apparently  some  cellulitis  where  injections  have 
been  practised. 

8  .  53.     Injection  6*25  cc.  of  same  solution.     The  rabbit  is  losing 

flesh ;  it  eats,  but  not  greedily. 

March  24.     Seems  very  quiet ;  has  eaten  all  its  food. 
12  .  45  p.m.     Respiration  7  in  10  seconds  and  very  shallow.     Temp, 
in  rectum  38-1"  C. 

March  25. 

1  .    0  p.m.     Temperature  39*2^  C.  Is  very  thin.  Has  had  diarrhoea. 

Drinks  greedily. 
1  .  30.     Respirations  9  in  10  seconds,  jerky  and  irregular. 

March  27. 

10  .  0  a.m.  Seems  much  brighter,  eats  and  drinks  greedily.  Moves 
about  with  alacrity,  and  evinces  interest  in  what  transpires 
around  it.     Respiration  9 — 10  in  10  sees.    Temp.  38'8*  C. 

4  .  30.     Repeated  injection  of  6*5  oc.  of  standard  solution. 

March  28.     Lies  on  its  side.     Moves  fore-legs  normally. 

9  .  30  &m.     Cannot  stand  up.   Anterior  half  of  body  appears  hyper- 

Sdsthetic     Respiration  9  in  10  second&     Temp.  37^  G. 
12  .    0.     Still  lies  on  its  side.     Nibbles  its  food  eagerly. 

5  •  40.     Temperature  in  rectum  37 '1^  C.     Fs&ces  are  light  brown 

but  firm. 

March  29.     Noon.     Died. 

Sectio  cadaverU,  Extensive  effusion  into  the  connective  tissue, 
which  in  parts  was  indurated.  This  was  not  accompanied  by  con- 
gestion and  no  tendency  to  the  formation  of  pus. 

Stomach  quite  empty  of  solid  food,  but  contains  a  bright  green 
fluid  ( I).  Exhibits  on  its  mucous  membrane  a  few  brown  haBmorrhagic 
spots  and  patches.  Small  intestine  contains  yellow  contents,  viscid 
and  turbid.  On  serous  surface  of  intestine  a  few  slight  blood  extra- 
vasations are  noticed.  Peyers'  patches  are  quite  normal.  Yermi- 
form  appendage  quite  normal.  Large  intestine  normaL  Elidneys 
large  and  white ;  much  congested,  very  friable.  Medullary  portion 
of  kidney  swollen.  'Grenzschicht'  congested.  Bladder  contained 
thick  and  muddy  urine  with  an  abundant  sediment  containing  a 
large  number  of  very  fatty  cast  mixed  with  phosphatea  liver 
dark-coloured,  but  fatty.  Heart  somewhat  fatty.  Clear  ooagulum 
in  auricles.     Lungs  normal. 

Exp.  XYIII.     Rabbit  weighing  1836  grms. 
March  14,  1876. 

3  .  45.  Injected  under  the  skin  a  solution  of  3*14  grms.  of  anhy- 
drous Na,P,0^ 
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3  .  55.     Very  excited.    Tendency  to  fall  over  on  its  side. 

4  .    0.     Bespiration  26  in  10  seconds. 

4  .  18.     Respirations  14,  15,  ISinlO  seconds. 

5  .    0.     Kespirations  13  and  14  in  10  seconds. 

6.10.     Lies  in  comer  of  hatch.    Moves  with  difficulty. 

March  15. 

8  .  30  a.m.  Found  dead  and  quite  rigid. 
11  .  30.  Sectio  cadaverie.  Intense  congestion  of  abdominal  muscles 
and  infiltration  of  subcutaneous  connective  tisBue  of  the 
right  side  of  abdomen  and  back.  Mesenteric  vessels  in- 
jected. Stomach  presents  intense  brown  patches  at  the 
cardiac  and  back  wall,  together  with  a  general  redness 
near  the  oesophageal  end.  Intestines  filled  with  thin, 
gruelly  contents.  Yermiform  appendage  congested.  Spleen 
normaL  Kidneys  normal,  liver  not  fatty.  Heart  much 
distended  on  right  side.  Left  ventricle  contracted.  Lungs 
not  congested.     Bladder  firmly  contracted. 

In  order  to  avoid  the  repetition  of  experiments,  we  shall  not  here 
quote  any  experiments  with  serum  poisoned  with  sodium  pyro- 
phosphate, by  Coates'  method,  although  these  experiments  are  needed 
to  allow  of  a  comparison  between  the  experiments  of  series  I,  II,  and 
III.  As  the  Coates  experiments  are  quoted  in  the  paper  in  which 
we  treat  of  the  special  action  of  sodium  pyro-phosphate  as  a  poison  of 
the  circulation,  we  shall  here  only  state  their  results.  Sodium  pyro- 
phosphate exerts  upon  the  frog-heart  exactly  the  same  action  as 
sodium  meta-phosphate,  except  ^lat  it  is,  if  anything,  rather  more 
energetic,  t.  e.  when  1  volume  of  a  solution  containing  P  correspond- 
iug  to  2  per  cent  of  P  Og  is  mixed  with  25  volumes  of  rabbit's 
serum,  and  the  mixture  is  made  to  circulate  through  the  heart,  the 
ventricle  is  at  once  arrested,  becoming  powerfully  contracted,  whilst 
the  auricle  continues' to  beat  though  wil^  great  feebleness. 

Having  stated  the  main  facts  of  our  researches,  it  will  be 
well  that  we  should  point  out  the  general  conclusions. 

It  results  from  our  observations  that  ortho-phosphoric  acid 
in  combination  with  sodium  is  a  substance  which  is  destitute  of 
any  marked  physiological  activity.  When  taken  into  the  ali- 
mentary canal  of  man  it  produces  no  marked  result,  save  that 
which  appears  to  follow  the  injection  of  other  inert  neutral 
alkaline  salts.  When  injected  under  the  skin  of  frogs,  these 
roost  susceptible  animals  remain  perfectly  unaffected,  and  no 
result  is  observed  when  large  quantities  are  introduced  directly 
into  the  veins  of  rabbits.  The  only  result  which  may  be  called 
a  positive  result  was  obtained  when  serum  containing  a  large 
quantity  of  sodium  ortho-phosphate  was  made  to  circulate 
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through  the  frog^s  heart  It  was  found  that  although  the  heart 
went  on  beating,  even  for  hours,  the  pulsations  were  slower 
than  normal  and  altered  in  character.  These  changes  however 
are  fully  accounted  for  by  the  amount  of  the  sodium  salt  pre- 
sent in  the  serum,  and  which  must  in  a  most  marked  manner, 
by  difiusion,  have  initiated  physical  changes  in  the  frog's  heart. 
The  slowing  of  the  heart,  with  powerful  lengthened  systoles,  is 
obserred  by  Coates'  method  when  serum  which  is  not  quite 
adapted  to  the  frog's  heart  {e,g.  sheep's  serum)  is  used. 

With  regard  to  meta-phosphate  of  sodium,  our  experiments 
conclusively  shew  that  it  is  a  poisonous  substance,  although  not 
1>y  any  means  as  poisonous  as  sodium  pyro-phosphate.  It  ap- 
pears to  share  the  action  of  the  latter  as  a  direct  poison  of  the 
heart. 

Pyro-phosphate  of  sodium  is  shewn  to  be  a  substance  of 
great  poisonous  activity.  Our  experiments  have  clearly  demon- 
strated that  in  its  action  on  frogs  it  is  more  poisonous  than 
sodium  ortho-vanadate,  having  about  the  same  intensity  as 
sodium  pyro-vanadate.  In  rabbits,  when  introduced  into  the 
circulation,  it  is  veiy  poisonous,  although  its  action  is  certainly 
not  so  marked  as  that  of  the  corresponding  vanadium  com- 
pound. 

When  we  glance  at  the  symptoms  induced  by  sodium  pyro- 
phosphate, we  find  that  it  is  a  poison  which  induces  death 
without  materially  affecting  the  irritability  of  voluntary  muscles 
or  of  nerves.  It  exerts  an  action  on  the  spinal  cord  and  me- 
dulla oblongata,  which  resembles  most  closely  that  of  vanadium 
compounds  Upon  the  heart  too  its  action  is  very  similar  to 
that  of  vanadium.  Upon  the  alimentary  canal  sodium  pjrro- 
phosphate  has  in  some  cases  appeared  to  exert  no  marked 
action.  In  others  it  has  induced  appearances  identical  with 
those  observed  in  some  cases  of  phosphorus  poisoning.  In  its 
effects  on  the  general  nutrition  the  poison  has  shewn  great 
resemblance  to  the  poisonous  element  phosphorus  which  it 
contains,  for  in  cases  where  death  has  been  delayed  there 
has  been  very  marked  fatty  degeneration  of  the  kidneys,  of 
the  muscular  substance  of  the  heart,  with  slighter  degeneration 
of  the  liver. 

In  the  account  which  we  have  given  of  the  action  of  pyro- 
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phosphoric  acid,  we  liaye  not  attempted  to  state  the  results  of 
all  our  researches,  much  less  have  we  pretended  to  give  a  com- 
plete account  of  the  physiological  action  of  the  body.  We 
musty  however,  allude  to  one  result  which  has  surprised  us,  and 
which  we  hope  to  elucidate  by  fresh  experiments.  We  have 
never  succeeded  in  producing  symptoms^of  poisoning  by  sodium 
pyro-phosphate  when  we  have  introduced  the  substance  into  the 
stomach.  In  dogs  the  drug  has  produced  vomiting  but  no 
further  ill  effect;  rabbits  have  remained  unaffected  by  it;  so 
striking  was  this  absence  of  poisonous  symptoms  that  it  ap- 
peared to  MS  possible  that  some  of  the  alimentary  ferments 
might  cause  sodium  pyro-phosphate  to  combine  with  the  ele* 
ments  of  water,  and  convert  it  into  the  inert  ortho-phosphate ; 
direct  experiments,  in  which  salivary,  gastric,  and  pancreatic 
ferments  were  digested  with  pyro-phosphate  at  the  temperature 
of  the  body,  proved  that  our  surmise  was  not  correct.  At  pre- 
sent we  are  inclined  to  think  that  the  fact  of  animals  not  being 
poisoned  when  sodium  pyro-phosphate  is  introduced  into  their 
alimentary  canal  is  due  to  the  rapid  elimination  of  the  drug. 

Whilst  we  are,  as  at  present,  so  thoroughly  in  the  dark  as 
to  the  conditions  of  poisonous  activity — for  wb  do  not  know  in 
virtue  of  which  physical  or  chemical  properties  the  molecules  of 
a  poisonous  body  interfere  with  the  physical  properties  or  the 
chemical  structure  of  the  elementary  tissues  and  organs,  and  so 
lead  to  those  disturbances  of  function  which  constitute  poison- 
ous action — it  may  appear  premature  to  speculate  on  the  causes 
of  the  inactivity  of  phosphorus  in  most  of  its  Compounds,  an 
inactivity  which  demands  explanation. 

Whilst  arsenic,  antimony,  and  vanadium  exert  their  charac- 
teristic actions  on  the  alimentary  canal,  on  the  nervous  system, 
on  general  nutrition,  almost  irrespective  of  their  state  ol  coin«- 
bination,  phosphorus  fails  to  impart  to  many  of  its  compounds 
any  poisonous  activity ;  indeed  it  can  scarcely  be  said  to  exert 
what  we  may  term  its  elementary  action,  except  when  uncom- 
bined,  and  then  only  when  in  the  condition  of  yellow  phos- 
phorus. 

We  need  not  seek  for  a  better  example  of  an  inactive  phos- 
phorus compound  than  is  furnished  by  sodium  ortho»phos|d[iate, 
which  we  have  conclusively  proved  to  be  physiologically  a  per- 
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fectly  inert  body.  Why  should  phosphorus  in  NagPO^  be  inert, 
whilst  vanadium  and  arsenic  exert  their  characteristic  action 
with  energy  in  the  corresponding  arseniate  and  vanadate  ? 

If  the  poisonous  action  of  poisonous  elements  be  due  to  defi- 
nite chemical  operations  performed  by  them  in  the  body,  i,e.  if 
for  its  development  the  elements  have  to  take  part  in  chemical 
reactions^  it  is  quite  conceivable,  as  indeed  Hermann  has  hinted, 
that  the  compounds  of  arsenic  or  antimony  should  be  more 
poisonous  than  those  of  phosphorus,  for  they  aria  much  more 
unstable*  We  know,  for  example,  with  what  ease  compounds  of 
arsenic  and  antimony  take  part  in  reactions  which  do  not  succeed 
with  phosphOTus ;  the  action  of  zinc  and  sulphuric  add  on  an 
antimoniate,  an  arseniate,  and  a  phosphate,  offer  a  good  illus- 
tration of  this  difference.  In  the  two  former  cases  the  nascent 
hydrogen  is  capable  of  attacking  the  Sb  and  As  to  form  their 
gaseous  hydrides;  in  the  latter  the  phosphorus  is  so  firmly  linked 
to  oxygen  that  the  attack  fails.  Similarly  we  may  conceive 
that  in  the  body  an  ortho-phosphate  will  escape  all  fundamental 
decomposition;  its  phosphorus  will  never  present  itself  in  any 
chemical  operation  except  in  the  condition  of  a  saturated  com- 
pound. 

We  do  not  believe  that  we  are  outstepping  the  limits  of 
justifiable  scientific  speculation  in  assuming  that  a  poisonous 
element  will  be  unable  to  exert  its  characteristic  elementary 
poisonous  properties  unless  it  can  itself  take  part  in  chemical 
reactions,  and  this  it  will  not  be  able  to  do  if  it  passes  through 
the  body  with  all  its  afiinities  saturated;  we  do  not  by  this 
mean  to  imply  that  no  saturated  compound  can,  in  its  passage 
through  the  body,  exert  an  action  unless  it  be  decomposed,  for 
it  is  probable  indeed  that  the  activity  of  many  organic  bodies  is 
really  due  to  an  action  of  their  imdecomposed  molecules  upon 
the  molecular  structure  of  tissues  and  organs. 

Our  contention  is  that  the  action  of  an  element  itself,  say 
As,  V,  or  Sb,  or  P,  will  not  be  manifested  except  it  enters  into 
reactions  which  shall  for  the  time  leave  some  of  its  affinities 
unsaturated.  How  can  we  explain  the  inactivity  of  cacodylic 
acid,  which  contains  about  one  half  of  its  weight  of  arsenic, 
except  by  supposing  that  in  this  saturated  compound  the  arsenic 
is  so  securely  linked  to  carbon  and  oxygen  atoms,  that  in  no 
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reaction  of  the  body  does  it  present  affinities  to  be  saturated — 
that  in  no  reaction  does  it  appear  as  arsenic  ?  On  the  other 
hand,  we  can  easily  understand  how  in  the  much  more  com- 
plex molecule  of  cacodyl  the  affinity  which  links  arsenic  to 
arsenic  should  be  overoome  with  considerable  ease,  leaving 
the  unsaturated  arsenic  atoms  to  exert  their  full  action  upon 
the  elementary  organs  where  the  decomposition  occurs. 

In  pyro-phosphoric  acid  and  the  pyro-phosphates  we  have 
examples  of  bodies  of  much  greater  complexity  than  the  ortho- 
phosphates,  and  in  which  the  phosphorus  is  not  fully  saturated. 
We  can  readily  understand  that  such  a  body  as  pyro-phosphoric 
acid  might,  either  in  its  integral  condition  (in  virtue  of  the 
state  of  the  phosphorus  of  its  molecule)  attach  itself  to  other 
bodies  and  exert  a  specific  phosphorus  action,  or  that  it  might 
in  the  body  undergo  decomposition,  and  at  the  time  of  decom- 
position be  in  a  fit  state  to  enter  into  chemical  reactions. 

Similarly  in  meta^phosphoric  acid  phosphorus  affinities  are 
not  as  fully  satisfied  as  in  ortho-phosphoric  acid,  and  the  body 
is  one  which  would  presumably  exert  a  greater  action  than 
ortho-phosphoric  acid. 


ON  THE  ACTION  OF  PYRO-PHOSPHORIC  ACID  ON 
THE  CIRCULATION.  By  Prof.  Gamgee,  M.D.,  F.R.S., 
John  Priestley,  Assistant  Lecturer  in  Physiology  in 
Owens  College,  and  Leopold  Larhuth,  Piatt  Physiological 
Scholar,  Owens  College.    (PL  IX) 

{From  the  Physiological  Laboratory  of  Owens  College^ 

We  have  already  drawn  attention  to  the  interesting  fact 
that  whilst  sodium  ortho-phosphate  is  a  substance  possessing 
no  activity  as  a  poison,  the  meta-phosphate  is  undoubtedly 
poisonous,  and  the  pyrophosphate  still  more  so.  The  facts 
which  bear  upon  the  general  action  of  the  latter  compound 
have  been  cited,  and  we  have  endeavoured  to  shew  that 
sodium  pyro-phosphate  exerts  an  action  which,  in  so  far  as 
the  nervous  system  and  the  circulation  are  concerned,  is  very 
similar  to  that  of  the  corrresponding  vanadium  compound. 

As  we  are  very  much  interested  in  the  discovery  of  the 
physiological  relations  which  may  exist  between  the  different 
members  of  the  most  interesting  group  of  elements  to  which 
both  phosphorus  and  vanadium  belong,  we  determined  upon 
making  a  somewhat  exhaustive  examination  of  the  action  of 
sodium  pyro-phosphate  on  the  circulation  of  the  blood,  so  as  to 
be  able  to  compare  the  facts  thus  obtained  with  those  yielded 
by  the  analogous  research  already  conducted  with  the  vanadium 
eompound. 

Our  experiments  have  been  performed  on  rabbits  and 
frogs,  the  latter  animals  having  been  employed  in  studying  the 
direct  actiotl  of  sodium  pyro-phosphate  on  the  heart 

In  seven  cases  we  have  determined,  by  means  of  the 
kymographion,  the  changes  induced  in  rabbits  when  sodium 
pyro-phosphate  is  introduced  into  the  circulation.  Of  these 
seven  perfectly  concordant  experiments,  we  have  given  the 
notes  of  five.  Three  experiments  illustrate  the  effects  of  the 
salt  on  rabbits  with  spinal  cord  and  vagi  intact.  One  experi- 
ment shews  the  changes  which  occurred  when  the  vagi  had 
been  divided ;  and  another  exhibits  the  effects  on  a  curarized 
VOL.  XL  18 
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rabbity  of  which  the  cord  had  been  divided  at  the  atlanto- 
occipital  articulation. 

Szp.  I.  Babbit,  1755  grm.  Dose^  1*65  co.  solution  of  soditini 
pyro-phosphate,  containing  2  per  cent.  P,Og  injected  into  vein. 
Kymograph  at  carotid. 


Time. 


H.1C.  8. 

1.18 

l.iai2 

1.18.19 

1.18.20 

1.18.21 

1.18.35 
1.18.40 


1.21.80 
1.22.80 
t23 
1.24 


Pulse 

in 

B.P. 

lOeeo. 

88 

111 

89 

U8 

89 

108 

69 

none 

25 

none 

25 

none 

25 

none 

25 

Bemarks. 


Nonnalfl.    Besp.  cnrres  10  in  10  seo. 

Injection  conunencecL 

B.  P.  begins  to  fall.    Pulse  slightly  irregular. 

Pulse  becomes  extremely  slight  and  slow,  and  the 
B.  P.  falls  lower. 

Injection  complete;  at  which  time  struggles  or 
convulsions  sent  up  the  B.  P.  irregularly,  keep- 
ing it  up  until  Ih.  18m.  628.,  after  whioh  the 
heart  seemed  to  cease  and  the  B.  P.  fell  gradn- 
ally  and  steadily.  Breathing  oontinned,  although 
the  heart  never  went  on  again. 

Movements  occurred,  not  altering  6.  P. 

Pinching  the  legs  caased  movemants  ot  lips. 

Slight  respiratory,  movements. 

Movement  on  pinching  hind  leg. 

Dead. 


Exp.  II.  (See  Plate  IX.)  Eabbit,  1665  gnn.  Dose,  32 cc.  of 
solution  of  pyro-phosphate  of  soda,  containing  2  per  cent.  P^O, 
injected  into  ezt»  jugular  vein. 


Time. 

Pulse 

in 
lOseo. 

B.P. 

Bftpnyr^^i^, 

B.M.  8. 

4.20.40 

4,21.7 

4.21.20 

4.21.22 

4.21.30 

4.21.85 

4.21.87 

to 
4,22 
4.22 
4.22.80 
4.22;40 

44 
44 
44 
44 
43 
20 

23 

22 

none 
none 

124 
124 
194 

102 
60 

90 
84. 

Kymograph  at.  carotid. 
Normals.    Besp.  osrveB  6—6  in  -10  aee. . 
Injection  commenced. 
Besp.  oui^es  aa  before. 

.B.P.beginstofaU.    Pulae  a  Uttle  irregular. 
B.  P.  gradually  falls.  Pulse  becomes  very  irregular. 
Pulse  large  and  slow.    B.  P.  gnadnaUy  fallen. 
Struggles  send  up  B.  P.    Injection  complete. 
Struggles  send  and  keep  up  B.  P.    Pulse  large^ 

slow,  and  irregular. 
Pulse  becomes  very  slow,  and  dight. 
B.  P.  falls  in  a  sweep  to  40  mm. 
B.  P.  gradually  falls. .  Gonvolnons  ooeor,  not  affeei- 

ingB.P. 
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2cc. 


Exp.  IIL    Rabbit,  1775  grms.    Dose,  a^'\  o{  solution  of  pyro 

p&osphate  of  soda,  containing  2  per  cent.  Ffi^  injected  into  righ; 
ext.  jugular  vein. 


Time. 

Pulse  in 
lOaeca. 

B.P. 

• 

BemazliB. 

H.1C  8. 

Kymograph  at  carotid. 

4.19.50 

49 

104 

4.22.65 

44 

108 

Besp.  eurvefl  9  in  10  seo.* 

4.23 

44 

108 

iMjaonoM  or  iibbt  dose  comnraosD. 

4.23.15 

28 

106 

Poise  begins  to  get  slower  and  less  regular. 

4.23.20 

B.  P.  begins  to  iall. 

423.25 

100 

Poise  Tery  large  and  irregnlai'. 

4.23.35 

22—10 

46 

B.P.  falls  qoickly,  the  heart  having  become  ex- 
tremely slow. 

4.23.40 

Very  seyere  stmggles,  sending  np  the  B.  P. 

to 

Heurt  simoltaneoasly  ceases. 
Struggles  oontinne. 

4.24.10 

Strogglea  oontinne. 

22 

Heart'  recommences. 

4.24.30 

Convulsions  occur,  raising  thd  B.  P.  very  much. 

4.24.30 

18 

78 

B.  P.  rising.    Pulse  veiy  large  and  irregnlar. 

4.24.55 

22 

112 

B.P.  steadily  rises.  Pulse  as  before.  No  strdggling. 

4.25.40 

27 

110 

B.  P.  steadier.    Pulse  getting  more  regular :  B.  P. 
presents  several  marked  variations. 

4.25.42 

Heart  ceases  again:  no  struggles  occur,  ahd 

4.25.46 

60 

B.  P.  falls  at  once  to  60  mm. 

4.25.48 

Heart  beats  20  or  30  times,  becoming  gradually 
weaker  towards  the  dose  of  the  senes,  during 
which  the  B.P.  rises  again  slightly,  but  falls 
again  as  the  pulse  becomes  weaker. 

4.26 

88 

CouYulsions  whioh  do  not  at  once  or  violently 

affect  the  B.P. 
During  the  next  minute  the  B.  P.  rises  and  Mis 

very  gradually  and  re^fularly  three  or  four  times, 

24 

producing  long  sweepmg  curves  on  the  cylinder, 
varying  in  height  from  30  mm.  to  48  mm.,  during 
which  the  heart  beats  slowly  and  feebly,  but 
quite  regularly. 

4.27 

46 

• 

4.27.30 

82 

Oonvnlsions  send  up  the  B.  P, 

4.27.45 

88 

4.28 

The  B.  P.  irregular  but,  as  a  mean,  higher. 

4.28 

47 

86 

Besp.  curves  now  reappear  t^o  or  three  times  for 

to 

to 

to 

about  15  sec.,  disappearing  to  give  place  to  a 

4.30 

45 

64 

straight  B.  P.  line. 
After  this  the  B«  P.  became  quite  normal  and 
.finally  attained  a  height  of  100  mm. 

4.41 

47 

100 

Besp.  curves  well  shewn  (12in  10  see.).'  Pul^  normal. 

4.41.5 

Injection  of  second  dosb  coiiMEHcWD. 

4.41.15 

46 

100 

Besp.  curves  well  shewn  fl2  in  10 sec). 

B.  P.  begins  to  fall.    Pulse  a  little'  irregular  and 

4.41.20 

41—42 

slight^. 

4.41.25 

20 

93 

Pulse  becomes  long  and  slow :  and  B.P.  begins  to  fall . 

4.41.50 

24 

62 

B.  P.  gradually  fallen.  Pulse  long  {t,e.  infrequent). 

4.42 

Opisthotonic  convulsions  which  raise  and  disturb 

B.P. 
B.  P.  steadily  falling.    Pulse  feeble.    Convulsions 

4.43 

21 

35 

again  follow,  with  slighter  disturbances  of  B.  P. 

Pulse  becomes  feebler  and  feebler. 

4.45.30 

9 

B.  P.  has  fallen  steadily.    Dead. 

18—2 
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Exp.  IY,  Livkwn  of  Vagi.  Rabbity  weight  2657  grms.  Injeo- 
a  of  solutioii  of  sodium  pyro-phosphate,  containing  2  per  cent  PfOi, 
0  jugular  yein.     CSarotid  connected  with  kymograph. 


Blood 

Naof 

No.  of 

Time 

Pressure 

■ 

Respira- 

Heaji- 

Remarks. 

in  mm. 

tions  m 

beats  m 

mercnxy. 

10  sees. 

10  sees. 

[.  M.  6. 

:,    0.    0 

74 

7 

40 

Normal. 

u  2.62 

Left  vagw  divided. 

.  8.  0 

92 

43 

Respiration  irregular. 

.  8.  9 

122 

.  8.10 

119 

:.  8.12 

124 

.  8.16 

48 

Right  vagm  divided. 
In  next  10  seeonds. 

.  M7 

116 

:.  8.20 

124 

u  8.26 

139 

w  8.80 

142 

.  8.85 

% 

to 

» 

k 

Btmggles. 

.  8.40 

)  

.  8.68 

148 

.  4.10 

144] 

.  4.20 

144 

Slow  and 

.  4.45 

184 

irregular. 

^  5.  0 

182  r 

Qeuerally 

42 

•  6.80 

124 

2^  in  10a. 

Pressure  Tariee  12mm.between 

w  6.  0 

120 

41 

insinration  and  expiration. 

.  6.20 

124 

.  7.20 

120 

2 

42 

.  9.  0 

112 

40 

.10.  0 

106 

8 

8S 

Heart  beats  iiregnlaily. 

.10.26 

to 

iMJBOnON  OT  2  00.  OOUMKHtiBD. 

ai.  0 

104 

89 

Heart  Teiy  irregular. 

a2.  0 

108 

4 

88 

Still  inegnlar. 

a8.  0 

100 

.13.10 

96 

a8.i6 

100 

86 

Injection  of  2  ee.  Na^P/), 

a8.2i 

94 

OOKPUBZBO, 

.13.80 

96 

.14.  0 

96 

84 

.14.80 

96 

80 

.16.  0 

100 

84 

.16.16 

100 

84i 

.16.80 

104 

88 

.16.46 

104 

.16.  0 

104 

.16.80 

104 

86 

.17.  0 

104 

84i 

.la  0 

100 

84 

.19.  0 

102 

84 

.19.21 

102 

Jxummcm  of  ssoonb  2  co.  of 

.19.80 

104 

83i 

SAMK  OOmUHCBD. 

.19.40 

108 

88 

.20.  0 

100 

82 
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Experiment  lY.  eomiAn/aed. 


lime.' 


K.  M .  8. 

4.20.10 
4.20.20 


4.20.80 
4.20.40 
4.2a68 

4.21.  0 
4.21.10 
4.2L20 
4.21.25 
4.21.88 
4.21.40 
4.21.50 

4.22.  0 
4.22.80 
4.28.  0 
4.28.80 

4.24.  0 

4.25.  0 
4.25.80 

4.26.  0 

4.27.  0 

4.28.  0 

4.29.  0 

4.29.80 

4.80.  2 
4.80.88 

4.81.  0 

4.82.  0 

4.83.  0 
4.88.50 

4.84.  8 
4.84.80 

4.85.  0 
4.85.26 

4.85.46 

4.86.  0 
4.86.25 
4.86.88 

4.87.  0 
4.87.10 
4.87.40 

4.88.  0 


Blood- 
preBflore 

in  mm. 
merouiy. 


87 
86 


70 

67 

89 

64 

48 

40 

76 

117 

104 

95 

99 

104 

114 

110 

110 

114 

105 

110 

110 

107 

106 

108 
106 

98 
100 
102 
102 

98 

96 

98 
97 
82 

68 
51 
88 
70 
81 
40 
28 

18 


No.  of 
Bespirft- 
tions  in 

10  8608. 


2—8 

4 
5 

? 

6 
5 

5 
6 


7 
6 


4(r) 


No.  of 
Heart- 
beat8in 

10  8608. 


85i 


42 

41 
86 
88 

881 

88 
89 
42 
44 

40 
88 

86 
85 

85 
82 

87 


85 
86 
84 


88« 

88(r) 
OTer40(?) 


Remark«» 


Straggles. 

iKJBOTXOir  OOMPLmD. 

For  next  25  8608.  the  hoert  was 
mo8t  inegnlar;  for  8ome  58. 
no  elevation  peroeiytibley  af- 
ter that  4  eLevationB  in  10 


f  Steady  B.  P.  ourre  np  and  then 
down. 


Steady  ML  Line  nearly  devoid 
of  traeoB  of  heart'a  action. 

Abrnpt  rise.     Heart-beats  be- 
oome  again  peroeptiUe. 


The  reepiration-ennres  here  in- 
dicate 2-8  in  10  8608. 

Bespirationanotooanted.  Coin- 
oiaenoewithrespiratioft-oanreB 
only  noted  oooasionaDy. 

Preasore  very  steady. 

Bespiration  regnlar. 

Not  so  regular. 

LiJBonoM  or  1  oo.  oomkxkcbd. 

iKJBCnOH  OV  1  CO.  OOMTLETBD. 


Heart-beats  irregular. 
Still  irregular. 

IlOTBCTIOII  or  2  CO.  OOKMBHOaD. 

Heart-beats  mnch  more  regular. 

Heart  very  feeble. 

iMjaonoM  OF  2  CO.  ooxplbtbd. 

Feeble  action,  if  any,  of  heart. 

Dyspnoaa. 

Heart-beats  again  perceptible. 

ConvnlBions, 

Steady  fall.    Heart-beats  very 

faint. 
Apparently  dead. 


Pressure  feU  rather  slowly  to  zero. 
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Exp.  Y.  Rabbity  2088  grms.  Dose,  2  cc.  of  solution  of  pjvo- 
phoq>hate  of  soduim,  containing  2  per  cent  P,Og  injected  into  ezt. 
jugular  vein. 


Time. 

Pulse 

in 
lOseo. 

B.P. 

Bemarks. 

H.U.  H. 

4.28 
4.30 
4.80.20 
4.81.40 

4.88.80 
4.48 

4.49 

4.51.30 

4.51.40 

4.52 

4.52.20 
4.53 

20 

21 

20 
17 

20 
23 

23 

7 

84 
94 

95 
120 

68 
88 

89 

25 
14 

• 

Oord  exposed  ready  for  section. 

Kymograph  at  femoral  artery. 

Normals  after  all  preparations  have  beei^  made. 

Injected  ^oc,  of  1  per  cent,  solution  uran. 

Injection  complete  (of  urari). 

Beispiration  aknost  ceased. 

Artificial  respiration  was  commenced,  60  times  per 
min.,  and  kept  up  continnoosly,  the  bellows 
being  regulated  by  means  of  a  watch. 

Oord  had  been  somewhat  irritated  by  bleeding  in- 
cident to  division  of  the  atlanto -occipital  mem> 
brane.     Division  of  cord.     B.  P.  fell,  at  first 
quickly,  then  more  slowly. 

Injection  of  2  oo.  of  solution  of  pyro-phosphate  of 

soda  commenced. 
Immediately  after  this  moment  the  heart  begins  to 

slacken,  the  beats  beoomii^  longer  (t.^.  slower), 

and  the  B.  P.  falls  steadily. 
Injection  complete.     Pulse  became  slower  and 

slower  ontQ  death. 
Heart  has  ceased. 
Dead. 

Exp.  YI.     Rana  temporaria  prepared  for  Coatea'  experiment. 
Reddish  rabbit's  serum  used. 


H. 

2 

2, 


40.    Normal  tracing  taken.    Heart  beats  yigorously. 

50.  A  second  normal,  exactly  similar  to  the  first,  taken.  Pure 
serum  now  replaced  by  serum  mixed  with  ^th  of  its  volume 
of  standard  solution  of  Na4P,07,  containing  2  per  cent.  PsO^. 

51.  Auricles  beating  only  3-4  in  10  seconds.  Yentricle  con- 
tracting feebly  at  irregular  intervals.    Cannot  get  a  tracing. 

30.  Ventricle  tightly  contracted ;  does  not  respond  to  mechanical 
irritation.     Auricles  continue  to  beat  slowly. 

16.  Auricles  still  contracting  slowly  and  slightly.  YentricleB  in 
the  sajne  state  as  before. 


Exp.  Vn. 

4  .    0.    Rana  temporaria  prepared  for  Coates'  experiment. 
4  .  25.    Heart  beats  well  and  fully. 
4  .  35.    Normal  tracing  taken. 


V 
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4  .  38.  Pare  serum  replaced  by  miztare  of  1  toI.  of  standard  solution 
of  N&J^fiy,  containing  2  per  cent.  P,Oe,  and  24  of  serum. 

4  «  38  •  2s.  Yentriole  has  ceased  to  contract,  or  rather  has  become 
spasmodicallj  contracted.     Auricles  beat  4  times  in  10  sees. 

4  .  50.    On  touching  the  ventricle,  no  contraction  is  caused ;  auricles 

continue  beating  yexy  slowly. 

Exp*  Vin. 

2  .  30.    Rana  temporaria  prepared  for  Coates*  experiment, 

2  .  50.    Normal  tracing  taken.     Heart  beating  vigorously  6  to  7 

times  in  10  seconds. 

3  .  20.    Pure  serum  replaced  by  mixture  of  1  part  of  sodium  pyro- 

phosphate solution,  containing  2  per  cent.  PtO^,  to  24  of  serum. 
3  .  21.  Cessation  of  contraction  of  ventricle  in  diastole ;  auricles  still 
beating  15  times  in  30  seconds.  Cannot  get  a  tracing.  Direct 
mechanical  excitation  of  ventricle  does  not  produce  a  con- 
traction. 

3  •  22.    The  part  of  the  ventricle  which  was  mechanically  excited  hsB 

now  contracted. 

5  .  25.    Auricles  beating  sluggishly  and  feebly  13  times  in  30  seconds. 

Ventricle  responds  f^ter  a  long  interval  to  mechanical  ex- 
citation. 

4  »  20.    Auricles  still  contracting  feebly  8  times  in  30  seconds.   Yen- 

tricle  is  distended,  and  does  not  respond  to  irritation. 

Exp.  IX.  Canadian  bull-frog,  prepared  for  Coates'  experiment. 
Reddish  rabbit's  serum  used.     Right  vagus  exposed. 

11  •  35  •    0.    Ready.     Heart,  by  vigorous  beats,  pumps  the  serum 

rapidly  through  the  circulatory  apparatus.      Normal 

tracing  taken. 
11.45.    0.    Second  normal  tracing  taken.    Yagus  excited,     ^eart 

stops  in  diastole.     (Excitation  produced  by  Du  Bois- 

Reymond*s  apparatus,  1  D.,  seoondaiy  coil  at  20  c.  m.) 
1 1  .  47  •    0.    Serum  replaced  by  a  mixture  of  24  parts  of  serum  and 

1  part  standard  solution  Na4P,0„  as  above. 
11  .  47  .  30.    Yentricle  not  pulsating — firmly  contracted.     Auricles 

scarcely  contracting. 
11  .  47  .  45.    Irritation  of  right  vagus  j  complete  stoppage  of  auricles; 

no  relaxation  of  ventricle. 

On  excitation  being  discontinued  the  auricles  do  not  recommence, 
but  remain  distended.  Yentricle  firmly  contracted ;  pinching  does 
not  produce  any  resxdts. 

The  serum  was  chauged,  being  replaced  by  normal  healthy  serum. 
The  heart  was  emptied  of  the  poisoned  serum  which  it  contained, 
and  filled)  aa  iiw  as  it  was  possible,  with  fresL     Neither  auricles 


I 

i 


H. 

K. 

1. 

0 

1. 

6 

1. 

6 

1. 

7 
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nor  ventricle  pulsate.     Direct  stimulaiion  with  the  current  and  me- 
chanical irritation  each  &il  to  caufie  contractiiMi. 

Exp.  X.      Canadian  bull-fin^.     Reddish  rabbit* »  seirum  used. 
Prepared  for  Coates'  experiments    Bight  yagus  exposed. 

8. 

0.    Normal  tracing  taken.    Heart  eontracts  veiy  vigorouslj 

and  perfectly. 
15.    Serum  replaced  bj  poisoned  serum  containing  1  part  of 

standard  solution  Na4P,0,  in  75  parts  serum. 
40.    Yentricle  stops  in  systole  ;  auricles  continue  beating. 
0.     Yagus  excited  with  electrical  arrangements  as  in  pre- 
ceding experiment  (IX.);  auricles  stop;  ventricles  do 
not  at  all  relax. 
1  .    8  .    0.    Auricles  beat  very  feebly  (8  in  30  seconds).     Exdtatiou 
of  the  vagus  was  repeated  eight  times  with  the  same 
result,  ventricle  remaining  firmly  contracted  while  the 
auricles  ceased  to  pulsate.     The  excitations  occurred  at 
intervals  of  about  three  minutes. 
1  .  16  .    0.    Pulsations  of  auricles  very  feeble  (5  in  30  sea).    On 
stroking  ventricle  with  a  steel  blunt  hook  slight  muacolar 
contractions  occurred. 
1  .  25  .    0.    Ventricle  somewhat  more  relaxed ;  no  contraction  of  it 
on  electrical  stimulation.     Auricles  pulsating  feebly; 
they  ebop  on  stimulation. 
1  .  35  .    0.    Auricles  and  ventricles  both  at  a  stand-still ;  the  latter 
in  the  same  contracted  state  as  when  the  next  preceding 
note  was  made.     No  contractions  follow  electrical  or 
mechanical  stimulation. 


BSsumS* 

From  the  experiments  which  have  been  quoted,  we  may 
arrive  at  the  following  general  conclusions  of  the  action  of 
pyro-phosphate  of  sodium  on  the  circulation,  when  it  bafl  been 
injected  into  veins. 

The  symptoms  of  poisonous  action  follow  within  firom 
6  to  25  seconds  of  the  commencement  of  injection, — a  dif- 
ference of  time,  there  is  no  reason  to  doubt,  which  is  due 
to  the  greater  or  less  rapidity  of  injection,  and  the  less  or 
greater  quantity  of  blood  in  the  blood-vessels  of  the  animal 
experimented  on.  During  this  interval  we  would  merefy 
note  that  the  appearance  of  the  graphic  records  is  a  per- 
fectly normal  one ;   and  that  the  interval,  even  at  its  brideat 
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is  long  enough  to  allow  the  drug  to  complete  the  round  of  the 
circulation. 

Of  the  symptoms,  that  which  generally  precedes  is  the  fall 
of  blood-pressure.  This  commences  as  a  gradual  and  steady 
descent  which  may  last  for  5  or  7  seconds  without  any  marked 
variation  in  the  pulse  supervening.  Always  after  that  interval, 
however,  and  occasionally  without  any  interval,  the  pulse 
undergoes  a  great  change.  Its  rapidity  suddenly  sinks  to  less 
than  half  its  former  rate,  and  it  records  itself  on  the  revolving 
cylinder  as  deep,  laige  curves.  The  blood-pressure,  meanwhile, 
continues  to  fall,  the  gradient  of  its  descent  apparently  not 
being  altered  by  the  change  in  pulse.  This  phase  lasts  a 
variable  number  of  seconds,  i.  e.  from  10  to  35  seconds,  when 
convulsions  or  violent  muscular  movements  intervene,  and 
raise  the  mean  blood-pressure  suddenly  and  in  an  irregular  /^ 
manner.  The  struggles  last  for  a  longer  or  shorter  time; 
but,  as  repose  is  again  established,  the  line  of  mean  pressure 
is  seen  to  resume  its  descent,  the  pulse  exhibiting  its  former 
abnormal  characters,  or  having  become  less  rapid  and  feebler. 
This  phase,  if  the  dose  be  lethal,  endures  until  death ;  or  it  may 
be  interrupted  by  another  paroxysm  of  struggles  and  afterwards 
le-appear,  to  remain  until  death.  If  the  dose  be  not  lethal, 
but  still  have  been  large  enough  to  induce  marked  symptoms, 
the  pulse  at  this  stage  does  not  become  feebler.  The  blood- 
pressure  stays  its  descent,  or  even  reverses  its  course;  and,  with 
many  irregular  fluctuations  due  to  violent  stragglings,  tends 
to  its  former  level  The  puke  also  resumes  its  usual  characters; 
and  the  tracing  on  the  recording  cylinder  ultimately  becomes 
quite  normal 

If  the  dose  be  still  smaller,  the  phases  are  more  rapidly 
passed  through.  The  descent  of  blood-pressure  is  of  very  brief 
duration,  and  gives  place  to  a  rise,  which  occasionally  leads  for 
a  time  to  a  blood-pressure  considerably  above  the  usual  level 
In  the  course  of  this  rise  the  heart-beats  again  become  normal. 

There  is,  therefore,  to  be  observed  in  cases  of  poisoning  by 
pyro-phosphate  of  sodium  a  two-fold  change  in  the  circulation, 
(1)  a  fall  in  blood-pressure ;  and  (2)  a  variation  of  pulse. 
The  cause  or  causes  of  these  it  will  now  be  necessary  to 
discuss. 
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In  the  first  place,  these  symptoms,  though  they  must 
modify  each  other,  are  originally  distinct.  It  might  indeed 
appear  that  the  slow  and  feeble  heart,  by  driving  into  the 
arteries  less  blood  than  the  latter  expel  owing  to  the  tension 
of  their  walls^  was  the  immediate  cause  of  the  diminished 
blood-pressure ;  and,  unquestionably,  any  change  in  such  im- 
portant conditions  of  the  normal  blood-pressure  as  the  vigour 
and  rapidity  of  heart-beat,  when  once  established,  must  very 
materially  affect  that  pressure.  But  that  the  altered  pulse 
originates  the  fall  in  blood-pressure  is  clearly  not  the  case, 
since  most  frequently  the  latter  precedes  the  former  by  a 
few  seconds;  and,  although  the  two  phenomena  occasionally 
coincided,  no  case  occurred  in  which  the  alteration  in  heart- 
beats was  observed  to  come  first. 

In  the  second  place,  we  must  recall  what  has  already  been 
more  fully  discussed  in  another  paper,  viz.  the  action  of 
pyro-phosphate  of  sodium  on  the  muscular  tissue  of  the  heart 
This  action  it  is  important  to  bear  in  mind,  when  it  is  remem* 
bered  that  the  substance  of  the  heart  and  the  chief  element 
in  the  vascular  walls-^chief,  that  is  to  say,  in  regard  to  their 
tonus — are  composed  of  muscular  tissue,  change  induced  in 
which  might  possibly  be  called  in  to  account  for  the  circulatory 
symptoms.  It  would  appear  that  pyro-phosphate  of  sodium  is 
by  no  means  devoid  of  action  on  the  cardiac  muscle,  which, 
when  bathed  by  serous  solutions  of  it  invariably  faUs  sooner 
or  later  to  respond  to  stimulation.  But  we  doubt  if  all  the 
effects  of  those  solutions  on  the  beating  heart  are  to  be  ac- 
counted for  solely  by  their  action  on  the  muscular  tissue. 
The  very  cmious  difference  in  the  action  on  ventricle  and 
auricle — ^the  former  being  at  once  contracted  tightly,  while 
the  latter  is  merely  slowed — ^is  a  point  not  to  be  omitted  from 
consideration,  as  possibly  implicating  some  other  agent ;  while 
it  must  not  be  forgotten  that  the  nervous  centres  in  the  spinal 
cord  concerned  in  the  production  of  movements  are  undoubt* 
edly  acted  upon  in  poisoning  by  pyro-phosphate  of  sodium.  It 
seems,  therefore,  not  unreasonable  to  suppose  that  the  symptoms 
described  are,  in  part  at  least,  due  to  lesion  of  some  portion 
of  the  nervous  system  related  to  the  heart  and  vessels. 

With  respect  to  the  heart,  as  is  well  known,  the  ordinary 
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movements  are  caused  by  certain  intrinsic  nerve-centres  which 
distribute  rhythmically  to  thQ  muscles  the  nervous  energy 
necessary  to  produce  movement.  These  nerve-centres  are  further 
regarded  as  under  the  control  of  other  nerves  which  originate 

in  the  cer^brp-spi^M^l  ^^^»  ^^  ^hi<^h  <^  influence  the  dis- 
tribution of  that  energy  so  a^  tp  cjuicken  or  slow,  or  even  stop 
the  cardiac  movepients.  With  acceleration  we  have  here 
nothing  to  do.  Hence  the  action  of  pyro-phospbate  of  sodium 
on  the  heart  must  be  effected  either  through  the  vagus — ^the 
inhibitory  n^rve-M>r  through  the  intrinsic  motor  ganglia. 
That  the  vagus  centre  is  in  no  way  affected  by  the  poison  it 
would  be  rash  to  assert  u^  the  face  of  observed  facts,  such  as 
convulsions,  paralysis^  etc.,  which  compel  us  to  assume  the 
implication  of  such  a  large  part  of  the  cerebro-spinal  centres. 
But  that  it  is  not  the  chief  factor,  or  even  an  important 
factor,  is  abundantly  proved  from  the  experiments  of  two  of  us 
recorded  in  a  previous  paper,  and  from  Exps.  Y.  and  IV.  of  this 
series.  The  last-mentioned  experiment  (Exp.  lY.)  in  which  the 
drug  was  injected  after  division  of  the  vagi  in  the  neck,  shews 
that  the  plowing  and  cessation  of  the  pulse  are  not  due— or 
not  eniin^lf  (}o§=»te  stimulation  of  the  vagus  centre :  while 
Exp.  Y.  where  the  (H>rd  wafl  divided  in  a  curarized  rabbit 
prior  to  ii^eetieQ ;  taken  la  oonjunotion  with  the  other  experi- 
ments refl^^Fed  tOt  in  whlph  pyro-phosphate  of  sodium  induced  its 
usual  syii^p^ms  in  m  atropized  frog^s  heart,  e:(onerate  the 
vagus-endings  md  the  intrlnsio  inhibitory  i^riapgements  con- 
nected th€¥§wltbi 

Henc^  w§  sn^y  believe  that,  whatever  bo  the  changes 
induced  \^  pyfo-pheapbate  of  podium  in  virtue  of  its  being  a 
muscular  poisop,  the  operation  of  the  Mdt  upon  the  intrinsic 
motor  ganglia  of  the  heart  concurs  in  producing  the  cardiac 
symptoms. 

Equally  impossible  is  it,  assuming  the  implication  of  the 
vaso-motor  centre,  to  state  at  present  how  far  the  abolition 
or  depression  of  vascular  tonus  is  determined  by  peripheral 
stimulation  of  the  numerous  depressor  nerves  connected  with 
that  centre. 

We  must  not  omit  to  point  out  and  emphasize  a  few 
interesting  facts    observed    when  frogs*   hearts,  prepared  for 
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Coatea'  ezperimeat,  are  treated  witli  poisoned  serum, — CEuits 
which  are  of  epecial  importance  aa  bringing  pTTo-phoephate 
of  sodium,  as  a  physiological  agent,  into  relation  with  pyro- 
vanadate  of  soda. 

In  the  first  place,  the  veatricle  is  instantly  firmly  contracted, 
while  the  auricles  are  simply  slowed. 

In  the  second  place,  the  stoppage  of  the  ventricles  in  systole 
occasionally,  hut  very  rarely,  girea  place  to  a  stoppage  in 
diastole,  the  auricles  behaving  alike  itt  both  cases. 

In  the  thu-d  place,  stimulation  of  the  vagus-truok,  though 
powerful  enough  to  stop  the  slowly-beating  auricles,  produces 
no  effect  whatever  on  the  contracted  ventricle. 

In  the  fourth  place,  thorough  atropization  of  the  frog's 
heart  does  not  at  ail  interfere  to  prevent  the  usual  action  of 
sodium  pyro-phosphate. 

The  foUoniag  trMisga  abev  the  obangei  In  Uie  ehknetar  of  the  heui-beata  of 
»  frog's  hevt  prepsred  b;  Coatea'  method,  when  poiaoned  by  djlnte  aolu- 
tunu  of  Bodlnm  pjnq^hoaph»te> 


L    Nonul  tnwing :  prior  to  poIwmiDg. 
n,     Bhortlf  ftfter  poisoning. 
UL    Some  Ume  kft«r  pouMdng. 


OBSERVATIONS  ON  THE  PHYSIOLOGICAL  ACTION 
OF  CHROMIUM.  By  John  Pkibstlet,  Assistant  Lec- 
turer in  Physiology,  The  Owens  College^  Manchester* 

{From  the  Physiological  Lahoratory  of  Owens  College) 

L    Introduction. 

When  engaged  some  time  ago  in  investigatiDg  the  physiological 
action  of  vanadium,  it  appeared  of  some  interest  to  compare 
the  discovered  operation  in  the  body  of  that  metal  with  the 
operation  of  an  element  to  which  vanadiwn  was  at  one  time 
supposed  to  be  closely  allied,  viz.,  chromium;  for  although 
BoBcoe  had  established  the  true  relationships  of  vanadium 
as  a  pentad  metal,  yet  the  proximity,  amounting  almost  to 
identity,  of  the  atomic  weights  of  vanadium  and  chromium 
(V.  51*2,  Cr.  52'2)  rendered  such  a  comparison  of  some  moment 
in  this  era  of  bold  tozicological  speculation.  On  a  search  being 
made,  however,  it  appeared  that  the  exact  effects  of  exhibiting 
chromium  in  the  animal  system  were  still  unknown.  The 
rough  toxicology  had  certainly  been  learnt  in  the  manner  in 
which,  unfortunately,  much  of  our  toxicological  knowledge 
has  come  to  us,  viz.,  from  cases  of  accidental  poisoning  of  work- 
men and  others.  Knowledge  so  obtained  is  seldom  in  a  com- 
parable form ;  hence  it  became  necessary,  in  the  case  of  chro- 
mium, to  supplement  it  by  a  systematic  investigation. 

This  was  undertaken,  and  the  results,  which  I  have  had  by 
me  for  upwards  of  two  years,  are  now  for  the  first  time  made 
public 

The  exact  state  of  our  knowledge  of  chromium  poisoning  in  1874, 
is  thus  summed  up  by  Hermann  {Experim»nUUe  Toxicologie): 
''Die  Ohromaalze  und  Chromalaune  hahen  nach  den  sparlichen 
''dariiber  vorliegenden  Erfahrungen  ahnliche  Wirkungen  wie  die 
'' Aluminiumsalze. — ^Die  Chrom>Saare  ebenso,  aber  schwacher,  das 
'^  Kaliumbichromat,  auch  das  neutrale  Kalichromat,  wirkt  hefbiger 
**  erbrechen-  und  durchfall-erregend  als  andere  neutrale  Alkalisalze. 
**  Experimentelle  TJntersuchungen  liber  diese  Korper  sind  fiist  noch 
''gar  nicht  angestellt."  Since  then  I  am  not  aware  that  any  contri- 
butions have  been  added  to  our  knowledge  of  the  physiological  action 
of  these  bodies  except  a  series  of  observations  published  in  the  last 
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number*  of  the  Archivjur  experimenteUe  Pathdoffie  und  Phairmaeclogie 
aad  entitled  ''Beobachtnngen  iiber  die  toxiscfae  Wirkung  der  Ohrom- 
SAure,"  by  Dr  E.  G^rgens,  Assistent  am  PhyEiologischen  Institat 
ssu  Strassburg.  It  contains  the  details  of  some  half-dozen  experiments 
chiefly  performed  upon  dogs  which  had  had  their  spinal  cords  divided 
at  the  level  of  the  12th  dorsal  vertebra.  The  remarkable  roughness 
of  most  of  the  experiments^  in  which  ^e  pois6n  was  introduced  by 
puncturing  the  cord  itself  with  a  Pravaz  syringe  inserted  through 
an  aperture  previously  made  from  behind,  render  it  impossible  to 
attach  importance  to  Dr  Gergens'  conclusions;  while  the  paucity  of 
the  experiments  alone,  without  considering  their  contradictory  re- 
sults, attest  the  crudity  of  the  theory  of  action  he  seeks  to  set  up. 
One  very  important  result  of  his  investigation,  however,  must 
not  be  lost  sight  of.  The  perfect  concurrence  of  all  his  experi- 
ments proves  that  albuminuria,  with  cloudiness  of  renal  epithelium, 
urinary  casts  and  congestion  of  the  kidneys,  are  concomitants  of 
poisoning  by  chromic  acid  and  neutral  potassium  chromate^  while  his 
control-experiments  sufficiently  indicate  that  they  are  referable  to  the 
drug,  and  not  to  the  injuries  due  to  the  method  of  injection.  I 
have  brought  these  &cts  into  relation  with  the  results  of  my  own 
observation,  inserting  them,  vrilJi  due  acknowledgment^  in  their 
proper  place  in  the  text. 

It  now  only  remains  to  be  mentioned  that  the  salt  used  in 
this  research  was  the  neutral  chromate  of  sodium  (Na,  Cr  O J 
— to  avoid  any  decided  acid  or  alkaline  reaction,  and  to  secure 
an  inert  base,  being  specially  kept  in  view. 

It  has  not  been  deemed  necessary  to  print  a  large  number 
of  protocols :  those  which  are  given  may  be  regarded  as  typical 
cases. 

II.    Notes  of  Expeeimbkts. 

Sxp.  L  Babbit^  wt  1301  grm.,  dose  4cc.  of  a  solution  of  neu- 
tral sodium  chromate  containing  5  p.c.  Cr  O,,  injected  underneath  the 
skin  of  the  back.  Within  15  min.  of  the  time  of  injection  symptoms 
of  poisoning  set  in.  The  head  was  thrown  back  in  jerks;  the  hind 
limbs  seemed  paraplegic.  The  animal  became  weak  and  lay  over  on 
its  side  or  back.  Within  48  min.  of  injection  the  ooimes  became 
insensitive,  though  pinches  applied  to  the  skin  of  the^  limbs  Were  then- 
felt  and  responded  to;  and  in  1  min.  more-^9  min.  after  injection — 
the  animal  died  with  asphyxial  symptoms,  with-  head  Uirown  baek 
and  legs  outstretched; 

Exp.  II.  Guinea-pig,  wt  422  grms.,  dose  1  cc.  of  solution  of 
neutral  chromate  of  soda  containing  10  p.c.  Cr  0,,injected  under  the  skin. 
Within  16  min.  of  the  time  of  injection  symptoms  of  poisoning  ap- 
peared.    The  aimmal  became  very  quiet,  and  would  not  stir  when 

1  July,  1876. 
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pushed.  Wheny  some  minutes  afterwards,  it  moved  spontaneously 
into  a  dark  comer,  it  was  with  difficulty,  owing  to  a  tendency  to  fall 
over  on  the  left  side.  Its.  breathing  at  the  same  time  became  spas- 
modic. On  lying  down  on  its  right  side  it  was  seized  first  with 
spasms  of  head  and  limbs,  and  then  with  severe  retching.  The  strong 
spasms  subsided  into  slighter  twitches  affecting  the  muscles  of  the 
posterior  limbs  and  back;  and,  as  the  animal  moved,  its  hind  legs 
were  imperfectly  controlled.  The  retching  seemed  to  involve  the 
whole  of  the  muscles,  but  especially  those  of  the  hind  legs.  3&min, 
afler  poisoning  paralysiB  of  the  posterior  half  of  the  body  was  well 
advanced,  to  run  or  to  stand  being  impossible.  Hespiration  came  at> 
longer  and  longer  intervals  and  in  painftd  gasps.  After  a  final  severe 
trial  to  vomit,  which  lefi.  the  abdominal  muscles  strongly  contracted, 
the  animal  rapidly  sank;,  and  within  40  min*  of  the  time  of  injection 
it  died. 

Sedio  tadaveriB  disclosed  the  following : 

1.  Presence  of  much  greenish-yellow  coloration  m  the  cellldar 
tissue  punctured  by  the  injecting  syringe. 

2.  Congestion  of  alimentary  tract. 

The  stomach  contained  a  light  grey  thin  grumous  mass.  It  ex- 
hibited much  congestion,,  at  the  back  and  cardiac  end,  of  a  cherry 
colour.  Ecchymoses  appeared  externally  and  internally  on  the  walls. 
Arborescent  injection  of  chocolatcrooloured  blood  was  noticed  at  the 
pyloric  end  externally  (the  peritoneum  being  in  situ). 

The  duodenum  exhibited  cherry-coloured  congestion  of  mucous 
membrane,,  chiefly,  but  not  solely,  at  its  free  border.  Externally, 
like  the  stomach,  it  appeared  much  injected'  with  chocolate-coloiired 
blood.. 

The  reU  of  the  imall  iniestms  exhibited  the  same  characters  of 
congestion,  but  to  a  slighter  degree.  It  was  filled  with  the  same 
gruel-like  contents  av  the  stomach. 

The  Icurge  intutm^  was  slightly  congested. 

3.  Partial  bxown  congestion. of  lungs,. viz.  at  the  top  of. the  right' 
lung,  and  a.£ew(  surfisusa  patches  elsewhere.. 

4  The  liver  w«a  deeply  oherrjHwloured'  and  equally  coloured 
throughout  its  masa 

d.  The  kidneys  WBre  somewhat  congested  with  cherry-colouied 
blood: 

6.  The  auricles  were  contracting;  The  blood,  which  was  of  a 
deep  chocolate  colour,  coagulated  normally.  The  blood  of  another 
guinea-pig,  similarly  poisoned,  exhibited  absorption-bands  resembling 
those  of  methsemoglobin  when  examined  by  means  of  a  Browning's 
microspectroscope. 

Exp.  IIL  Small  frog.  Dose,  1-5  cc.  of  solution  of  neutral  sodium 
chromate,  containing  10  per  cent.  Cr  O,  injected  under  the  skin  of  the 
back. 
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Within  10  minutes  of  injection  tremoro  of  the  thigh-musolea 
were  noted.  Respiration  had  already  ceased,  and  the  cornea  was 
insensitive.  The  fore  limbs  were  very  firmly  folded.  Reflex  action 
was  slight^  and  the  efforts  of  the  frog,  when  laid  on  its  back,  to  regain 
the  upright  position  were  slight,  short,  and  ineffectual 

Fifteen  minutes  after  injection  the  strongest  acetic  add  applied  to 
the  skin  of  the  foot  only  induced  slight  movements ;  but  on  my  try- 
ing to  open  his  firmly-shut  mouth  the  frog  extended  his  hind  legs 
once  violently.  This  peculiar  movement,  not  calculated  at  all  to 
avoid  or  repel  the  irritant^  was  several  times  repeated,  viz.  once  when 
I  pinched  &e  skin  of  the  folded  arms,  again  on  each  of  two  occasions 
when  I  tapped  on  the  top  of  the  head,  and  a  fourth  time  when  I 
turned  the  frog  on  to  his  bade.  Shortly  after,  about  25  minutes 
from  the  time  of  injection,  some  power  of  reflex  movement  seemed  to 
have  returned,  as  was  evidenced  on  pinching  the  toes.  All  this  time 
the  before-mentioned  quivering  of  the  thigh  muscles  continued. 

When  55  minutes  had  elapsed  since  poisoning,  as  reflex  action 
was  entirely  abolished,  the  frog  was  opened.  The  heart  had  stopped 
in  diastole  and  was  filled  with  dark  chocolate-coloured  blood.  The 
muscles  were  of  a  yellowish-brown  colour.  Free  exudation  into  the 
cavities  of  the  body  had  occurred.  On  testing  with  interrupted  in- 
duced currents,  the  muscles,  nerves  and  cord  (as  far  as  it  is  a  con- 
ductor of  impressions)  were  found  to  be  sensibly  normal. 

Exp.  IY.  Small  frog.  Dose,  *25  cc.  of  solution  of  neutral 
sodium  chromatCy  containing  10  per  cent.  Or  O^  injected  under  skin  of 
back. 

The  right  femoral  artery  was  tied  to  prevent  the  passage  of  tlie 
poison  to  the  tissues  of  the  right  leg. 

Within  15  minutes  of  injection  the  arms  became  vigorously  and 
continuously  contracted.  Respiration  was  slight  and  the  cornea 
well-nigh  insensitive.  On  laying  the  frog  on  his  back  both  legs 
were  tetanically  stretched  for  a  few  seconds.  The  legs,  which  re- 
mained spread  out  after  their  tetanic  extension  had  passed  every 
were  not,  as  usual,  retracted  to  the  body  when  the  toes  were  pinched, 
but  both,  on  the  contrary,  were  again  fordbly  stretched  out. 

Within  35  minutes  of  administering  the  poison  the  power  of 
reflex  action  was  entirely  lost ;  the  cornea  was  insensitive ;  bat  the 
arms  still  remained  fiirmly  contracted  across  the  chest.  On  opening 
the  frog  the  heart  was  found  to  be  stopped  in  diastole ;  but  it  re- 
spondea  to  stimulation,  viz.  on  pinching  with  forceps. 

The  muscles  were  yellowish-brown  in  colour.  There  had  been  ex- 
tensive exudation  into  the  various  cavities  of  the  body.  On  testing 
with  dectrical  stimuli,  viz.  interrupted  inductionHahocks,  the  poisoned 
and  the  non-poisoned  musdes  and  nerves  shewed  themselves  equally 
normal  The  cord  also  was  sensibly  uninjured  as  far  as  its  conduct- 
ing properties  were  concerned. 
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Exp.  V.  July  21,  1874.  Rabbit,  weight  1760  grms.,  dose  6  oc. 
of  a  solution  of  neutral  sodium  chromate,  containing  5  per  cent. 
OrOj,  in  two  equal  jiarta,  injected  int^)  right  external  jugular  vein. 
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144 
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96 
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78 
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Bemarks. 


VOL.  XI. 


Kymographio  eannnla  in  left  carotid. 
Bespiration  cnrvw  11 J  in  lOseo. 
Straggles, 

Two  or  three  violent  stmgglefl. 

Besp.  onryes  very  marked.    Pnlee  veiy  marked.    . 

Beep.  corveB  occasionally  shewn. 

iNJXcnov  of  Ist  quantity  commbmcbd. 

Besp.  Carres  slight. 

Poise  quite  normal 

Besp.  corvee  have  ceased. 

B.  P.  begins  to  faU.    Poise  41  doring  preeeding 

10  sec  and  48  daring  socceeding  10  sec.,  daring 

which  it  is  feebler. 
B.  P.  ceases  to  fall.  Injection  complete.  Straggles 

then  occor  which  raise  the  B.  P.*to  188.    Pulse 

▼igoroos.    Beep,  ooryee  exceedingly  well  marked 

for  15  sec. 
Besp.  corves  become  imperceptible:  poise  becomes 

feebler.    B.  P.  falls  to  160. 
Straggles  then  occor,  whereafter  resp.  carves  again 

become  visible,  and  the  pnlse  regains  its  vigour. 
B.  P.  now  slowly  falls. 

Besp.  corves  still  well  marked :  poise  very  vigorous. 
Bespirations  7  in  10  sec. 
Besp.  corves  8  in  10  sec. 
Beepirations  12  in  10  see. 
Besp.  corves   11 — 12  in  10  sec.,   tolerably  well 

marked. 
Violent  stroggles  which  send  up  the  B.  P.  to  164. 

Besp.  corves  12  in  10  sec. 
Straggles;  B.  P.  irregolar. 
Qaivering  oonvolsions  of  extremities.    B.  P.  very 

irregolar.    Eye  sensitive. 
Besp.  corves  well  shewn. 
Blood  noticed  to  be  very  dark.    Besp.  corves  well 

shewn  (10 — 11  in  10  sec.).    Poise  well  marked. 

B.P.  irregolar. 
Bespirations  10—11  in  10  see.  and  deep. 
B.  P.  has  fallen;  straggles  ceased.    Besp.  corves 

well  marked. 
B.  P.  gradoally  fallen.    Bespirations  7  in  10  see. 

Besp.  carves  7  in  10  sec.    Poise  vigoroos. 
B.  P.  steadily  rises.    Poise  and  resp.  carves  as 

before. 
B.P.  falls  steadily.    Poise  and  resp.  oorves  as 

before. 
B.P.  rises  steadily.    Poise  and  resp.  corves  as 

before. 
Poise  and  resp.  oorves  jost  as  before. 
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Experiment  Y.  continued. 


Time. 


4.18 


4.18.40 

4.14 

4.15 

4.17 

4.17.40 

4.18 

4.18.26 
4.26 


4.84.80 

4.41.30 

4.52.60 

5.17 

6.17.10 

6.18 

6.18.10 

6.18.26 

5.18.86 

5.18.50 

6.19.20 

to 
6.19.60 
5.20.40 

5.21.20 
6.24 


6.26.10 

6.26 
6.27 

6.27.80 
6.30 


Pulse 

in 
10  see. 


B.P. 


22—23 


19 
19 


82 
27 


81 
81 
82 
81 
81 
80 


80 
27 

26 

to 

22 

23—24 

23 

24 


28 
23 

19 


70 


Bemarks. 


78 

80 
82 


104 
84 


87 

98 

98 

127 

127 

138 

156 

148 

164 

146 
to 
187 
167 

114 
58 


50 

48 

46 


38 


Characters  of  pulse  entirely  change :  now  we  have 
long,  ftUl  beats,  large  excnrsions  of  the  pen,  a 
second  beat  often  following  before  the  diastole  of 
the  preceding  has  run  its  usual  course.  (See 
Fig.  2.) 

No  respiration  curves. 

Blood  looks  almost  black. 

More  of  the  double  beats  here  notioed. 

As  before. 

The  dicrotism  here  occasionally  seems  to  readlTe 
itself  into  two  perfect  pulsations.    B.  P.  rises. 

The  above  is  now  more  frequently  the  case.  B.  P. 
rising. 

Pulse  regular  and  vigorous;  no  resp.  curves:  now 
and  then  diastole  seems  to  elongate^  giving  a 
characteristic  appearance  as  of  " slipping"  a  beat. 
(Fig.  3.) 

Pulse  seems  quite  normal. 

Besp.  curves  well  shewn. 

B.  P.  has  steadily  risen. 

Injection  of  second  quantity  ooHMBNCXDii 

Struggle  making  B.  P.  irregular. 

Injection  continues.    Irregularities  of  B.P.  due  to 

struggles. 
B.P.    Pulse  and  resp.  curves  quite  regular  and 

vigorous. 
Pulse  has  become  large,  and  ezhibitB  the  tenden<7 

to  "  slip"  above  noticed. 
B.  P.  irregular.     Injection  complete.     Cries  af 

rabbit.     Pulse  large  and  irregular.     No  resp. 

curves. 
B.  P.   regular;   pulse  large  and  regular.    Besp. 

curves  regular. 
B.  P.  falls  suddenly. 
Steady  fall  of  B.  P.    Pulse  full  and  large ;  left  eye 

insensitive ;  right  somewhat  insensitive.    Besp. 

curves  long  and  not  always  to  be  seen. 
Quivering  of  fore  part  of  body.    B.  P.  quite  steady. 
Struggles  of  whole  body  without  any  alteration  of 

B.  P.  whatever :  pulse  seems  to  cease  entirely. 
Stretching  out  of  hind  limbs.    Pulse  feebler. 
No  respiratory  movements.     Pulse  very  feeble, 

long,  and  hardly  to  be  counted. 

Dead. 
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Exp.  YL  Babbit;  weight  2160  grms.,  doee  2cc.  of  a  Bolution 
of  neutral  sodium  chromate,  containing  10  per  cent  Cr  Og,  injected 
into  vein  (external  jugulai*). 


Time* 


Pulse 

in 
lOseo. 


B.P. 


TLwn^rli;^, 


1.16 

1.17 

1.17.10 

1.17.15 

1.17.40 

1.19 

1.20.80 

1.21.11 

1.21.81 

1.22 

1.26 


1.29.80 


1.87.20 
1.89 


1.40.80 
1.42 
1.43.80 
1.45 

1.48 

abont 
1.51 


48 

45 

46 
48 
47 
46 

49 
51—58 


44 


86 
86 
86 


84 


84 


208 
208 
202 
216 
220 
224 
224 
226 

250 
147 


184 


176 
72 
52 


44 


86 


Kymograph  at  earoUd. 

Normfldfl.    Beep,  ourree  8  in  10  seo. 

Bigtit  yagns  divided. 

Left  Tagna  divided. 


No  respiration  onrves. 
iDJection  oommenoed. 

Injeotion  complete. 


No  resp.  owes. 


B.  P.  has  gradually  fallen.  Straggles  followed  Im- 
mediately after  oompletion  of  injeotion;  bat 
none  ocoarred  afterwards  to  distorb  the  gxadnai 
faU  of  B.  P. 

Pulse  quite  normaL  Sinoe  Ih.  25  m.  there  have 
been  occasional  struggles  which  send  np  the 
B.  P.  temporarily  and  snddenly. 

Besp.  onrvee  7  in  10  see. 

Pulse  firm.  Begular  fall  of  B.  P  ,  not  disturbed  by 
straggle.    Besp.  corves  4  in  10  sec. 

Bespirations  were  5  in  10  sec.,  by  direct  coantiag, 
a  little  time  previously. 

Pulse  feebler.    Besp.  curves  slight,  4  in  10  see. 

A  series  of  struggles  begin  whid^  disturb  the  B.  P. 

Struggles  continue,  rapidly  following  one  another. 

Convulsive  movements  of  thorax  at  every  respira- 
tion. 

Bespiration  ceasing.    Besp.  curves  not  to  be  seen. 

The  B.  P.  sank  gradually;  the  pulse  weakened  and 
lengthened  until  the  rabbit  died  about  three 
minutes  after. 


'  The  following  figures  illustrate  the  action  of  neutral  sodium 
chromate  on  the  blood-pressure  and  pulse.  (The  straight  lines 
at  the  bottom  of  each  figure  is  the  line  of  no-pressure ;  the 
curved  line  is  the  tracing  of  the  kjmographic  pen ;  the  inter- 
mediate interrupted  line,  where  it  exists,  indicates  intervals  of 
10  seconds.    The  tracings  are  not  reduced  in  size.) 

Habbit — 1760  grms.,  dose  (1)  3  cc.,  (2)  3  cc.,  solution  neutral 
sodium  chromate  containing  5  per  cent  CrO,  injected  into  veins. 
See  Exp.  V, 
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Fi^  1,    NonDBl, 


Fig.  8.     Indus  taken  Sam.  after  iujeotiiig  1st  doM. 


Fig  S.    Tranug  Ukan  ilm.  «ft«t  injeotiiis  lit  dote. 
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Bahtiit — 1400.     Doae  3  cc  of  solntion  nentnJ  sodium  cbromate 
MtUiiiiiig  6  par  eeui,  OrO^  injeoted  into  veins. 


Fig.  1.    Homul,  jnst  prior  to  injeetian. 


Fig.  6.    TiMing  token  ISm.  lOaeea.  kfler  injeelion. 


'  ini  pmebTlet. 

^.  6.    Trftdng  taken  17m.  Uoeea.  altra  liii«eai«. 


lUbUL     Dose  1  m.|  ^^^^^  sodium   chromate  Bolotion,  oontaining 
1  "l       " 


5  per  cent.  CrO^  injected  into  vein. 
Fig.  8.    NormaL 


PHTSIOLOaigAL  ACTION  OF  CHBOMIUM. 


Fig.  10.     Traoiiig  Uken  4ni.  SObms.  after  Uw  last  traeins^ 
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BabUt'.  2085  grots.  Dcee  3  cc  (nearly)  4^  solntuxi  of  nmitrd 
chromate  of  sodinni,  oouttdning  10  per  cent.  CrO^  injected  into  vein. 
Rabbit  Tttcj  Tiidgnt. 


>  This  rabbit  bail  lost  mseh  blood. 
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K|.  U.    Tntdns  Uken  40  *e<n.  aTtei  injeeUoii.    Violent  itnig^  vera  tokmg 


III.      R&UMK. 

Iq  brief,  the  syniptomB  of  acute  poiBOuing  bj  chromnteB  are  aa 
follows: 

*I  to  '3  gr.  Cr  O^  in  €be  form  of  neutral  ohrotnate  of  soda  is  a 
powerful  poison  for  rabbits  and  guinea--pige,  produdng  death  in  from 
4  mio.  to  30  miu.  (according  to  t£e  vigour  of  the  aniioals)  if  injected 
at  once  iato  reius;  and  in  from  40  min.  to  50  mio.  when  introduced 
beneath  the  ekln.  'ISgrm.  Cr  O,  in  the  above  form,  when  injected 
into  a  vein  in  three  equal  doses  at  intervals  of  23  or  2i  miuut^ 
killed  in  1  h.  10  m.;  while  '3  gims.  Cr  O,  in  two  equal  doses  in  the 
case  of  another  rabbit  took  1  h.  60  m.  to  cause  death. 

Death  is  preceded  by  spasms  or  oonTalsions,  and  vielent  retching, 
which  commence  a  few  minutes  after  the  injection  of  the  poison.  lu 
frogs  muscular  tremors,  tetanic  contraction  of  the  pectoral  muscles 
and  the  flexors  of  the  fore-limbs,  and  tetanic  extenxion  of  the  hind- 
limbs  on  the  application  of  slight  stimuli,  represent  this  class  of 
iTinptoms.  Convulsions  are  varied,  or  succeeded  by  paralysis  of 
motion  iu  mammals,  and  in  frogs,  as  is  naual,  of  respiration  also, 
It)  fings,  too,  the  power  of  reflex  action  is  speedUy  abolished. 

The  blood-pressure  generally'  risee  within  10  sec.  of  injection  of 
1  In  ona  ease  onl)r  it  fsiled  to  rise  appreoisblj. 
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the  poison  iuto  the  jugalar  Tein;  but  this  rise  speedily  gives  vajr 
t )  a  fally  which  begins  from  f  of  a  mio.  to  3  mia.  aft^  injection. 
A  downward  tenden<7  is  steadily  maintained  until  death;  previous 
to  whioli  the  blood-pressure  becomes  extremely  slight ;  and  it  is 
only  interrupted  by  occasional  stni^les  with  their  consequent  ir- 
regularities of  vascular  tension.  Meanwhile  the  pulse  preserves  a 
strict  normality,  save  that,  as  the  blood-pressure  falls  it  becomes 
somewhat  deeper — a  circumstance  due  presumably  to  the  larger 
excursion  of  the  laxer  arterial  walls.  With  this  exception  it  ap- 
pears to  be  quite  independent  of  the  blood-pressure,  miuntaining 
its  rapidity  until  the  latter  has  reached  a  mean  equal  to  one-half, 
or  one-third,  of  the  normal  Afterward,  however,  a  peculiar  modi- 
fication begins  to  occur  at  iiregnlar  intervals;  and  continues  to 
appear  for  longer  or  shorter  periods.  After  a  time  it  gives  place 
to  a  pulse  of  normal  character,  but  of  less  than  the  original  rafiidity. 
Again  it  returns;  but  it  invariably  diMippears  just  before  dea^ 
when  the  pulse  gradually  lengthens  and  wodcens.  This  phenomenon 
gives  o^e  the  impression  of  the  heart  stopping  suddenly  for  the 
space  cif  a  beat,  again  setting  up  normal  pulsation  immediately 
afterward, — as  it  were,  '  slipping '  a  beat.  That  is  to  say,  Uie  blood- 
pressure  merely  continues  the  fall  which  it  had  initiated  during 
the  preceding  diastole,  and  the  impression  gathered  from  the  graphic 
record  is  one  of  prolonged  dilatation  of  the  ventricle.  These  slips 
may  occur  coincidently  with  struggles;  but  generally  this  is  not 
the  case  (Figs.  1 — 10).  On  one  occasion,  for  a  space  of  nearly  two 
minutes,  towards  the  close  of  an  experiment^  they  continued  syn- 
chronous with  inspiration.  Qenerally  they  are  less  regular,  oo- 
curiing  after  every  8  to  3  ordinary  heart-beats  ;  and  sometimes  they 
are  so  lawless  as  to  give,  the  tracing  an  appearance  like  that  ci 
Fig.  13.  They  are  interjected  into  tlie  series  of  ordinary  heart* 
beats  without  previous  .warning.;  and  they  do  not  seem  to  specially, 
or  at  once,  affect  the  mean  blood-pressura. 

After  these  irregularities  have  set  in^  although  the  piilse  may 
again  become  normal  in  appearance,  it  never  regains  its  previous 
rapidity,  but  remains  deep  and  slow. 

The  variations  of  blood-pressure,  coincident  with  respiration, 
disappeared  and  reappeared  several  times  after  the  injection  of 
ehromate  of  sodium  into  the  veins ;  to  which  no  importance  can  be 
attached,  since  they  are  frequently  noticed  to  do  the  same  in  rabbits 
which  have  not  be^  poisoned. 

The  past  mortem  examination  of  the  animals  experimented  on 
disclosed  the  following. 

The  itsduction  of  the  drug  in  the  cellular  tissues  at  the  point  of 
injection  •  beneath  the  skin,  as  evidenced  by  the  yellowish  green 
colouration. 

Free  exudation  of  fluids,  in  the  case  of  frogs,  into  the  various 
cavities  and  spaces  of  the  body.  The  muscles  also  in  frogs  were  of 
a  yellow-brown  colour — the  colour  of  the  original  solution,  and  not 
due  therefore  to- any  reduction. 

Congestion  and  ecchymoses  of  all  parts  of  the  alimentary  canal 
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IbeVw  tiie  cardiac  orifice  of  the  stomach.  Semifluid  gramous  ia- 
teslinal  coDtents. 

CoDgestioa  of  lung  in  the  caae  of  a  gainea^pig.  (It  should  be 
noted  that  guinearpigs  readily  become  afflicted  with  long  diseases.) 

CongestioB  of  the  kidney.  Dr  K  Gergens  has  also  noticed,  in 
dogs  and  labbits,  cloudinesii  of  the  epitheliura,  urinary  casts,  and 
albuminuria,  to  follow  poisoning  by  chromic  add  and  neutral 
potassium  chromate. 

Stoppage  of  the  heart  in  diastole,  eren  in  frogs.  The  frog-heart, 
so  stopped,  responded  but  languidly  to  the  stimulus  of  pinching. 
Chocolato  colouration  of  the  UoodHrhich  exhibited  the  bands  ci 
methaBmoglobin  when  examined  through  a  spectroscope. 

Muscles,  Bfid  nerve^runks  atid  extremities,  appeared  to  be  sensibly 
normal. 

Of  these  symptoms,  with  the  exception  of  the  yariations  of  blood^ 
pressure  and  pulse,  the  interpretation  teems  so  obvious  as  not  to  need 
comment.  Indeed  even  the  immediate  cause  of  the  disturbance  of 
blood-pressure  can  readily  be  seep  in  the  face  of  the  facts  disclosed. 
The  evident  normality  of  pulse  which  continues  long  after  the  fall 
has  become  marked,  at  .once  excludes  the  possibility  of  a  cardiac 
origin  of  the  fall  in  blood-pressure.  Moreover,  it  renders  it  extremely 
improbable  that  the  fall  was  produced  by  a  dilatiition  of  the  vessels 
ia  consequence  of  a  direct  action  of  the  drug  upon  their  muscular 
walla;  for  it  is  hardly  possible  that  a  drug  i^ould  at  the  same 
moment  cause  rapid  death  of  one  set  of  involuntary  muscles,  viz. 
those  of  the  arteries ;  and<  leave  another— thone  of  the  heart — to 
which  aooesa  b  equally  free,  apparently  uniujured.  To  distorbance 
of  the  vaso-metor  centre,  therefore,  we  must  turn  for  an  explanation 
of  the  varjing  blood-pressure.  Tlie  above  considerations,  of  course, 
do  not  exhaust  the  discussion  of  the  subject;  but  the  susteined  nature 
of  the  fiiQ  of  pressure  makes  any  reference  of  it  to  a  reflex  origin, 
through  excitation  of  depressor  nerves,  in  the  highest  degree  impro- 
bable ;  while  the  general  aspect  of  the  tracings  obtained,  and  the 
certain-  knowledge  that  other  centres  in  the  cord,  as  the  motor  centres, 
are'  affecfted  by  the  poison,  place  the  matter  beyond  a  reasonable  doubt. 

Thocaite  oC  the  pulse-change  is  not  so  apparent.  It  is,  however, 
clear  that  the  peculiar  slips,  the  nature  of  which  Ib  &r  better 
gathered  from  the  accompanying  figures  than  from  a  description,  are 
due  to  a  temporary  continuance  of  the  ventricular  diastole.  This,  I 
think,  will  be  gnuited  on  a  comparison  with  similar  tracings  taken 
from  a  heart  stopping  after  stimulation  of  vagtts. 

Now  prolonged  diastole  of  ventricle  may  occur  in  consequence 
o^  one  or  more  of  three  causes : 

(1)  Stiftiulation  of  vagus  in  some  part  of  its  Course. 

(2)  .Stimulation  of  the  hypothetic  inhibitory  mechanism,  inter- 
mediate, between  vagus  and  motor  centres. 

*'.    (3)  Failure  of  muscular  action  due  to  some  change  in  muscle- 
substance  itself. 

Of  these  the  third  may  he  briefly  dismissed.  The  ybrmo^  regu- 
larity of  the  pulse  to  the  very  close  of  life,  with  the  Exception  of  the 
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oocasiozial  slips;  and  the  fiict  that  the  hitter  occur  suddenly  and 
often  singly  in  the  midst  of  series  of  regular  beats ;  seem  to  elimi- 
nate fit>m  Uie  question,  as  before  remarked,  all  suHpicion  of  muscular 
poisoning.  The  decision  between  the  remaining  possible  causes  is 
speedily  made ;  for  a  reference  to  Exp.  YI.  performed  on  a  rabbit 
whose  yagi  were  previouHly  divided,  will  shew  that  the  characteru$tio 
phenomenon  did  not  once  occur.  To  this  circum«&tance  the  fullest 
importance  must  be  given ;  since  in  no  case  out  of  six  experiments 
made  on  rabbits  with  vagi  intact  were  the  Symptoms  wanting.  This 
experiment,  which  was  confirmed  by  repetition,  at  once  eliminates 
the  second  possible  cause  and  establishes  the  first  Stimulation  of 
the  cardiac  inhibitory  portion  of  the  vagus  at  some  point  above  the 
level  of  sedion,  t.  €,  above  the  middle  of  the  neck,  must,  with  the 
facts  at  present  before  us,  be  regarded  as  the  efficient  cause  of  the 
variations  in  the  character  of  the  pulse :  and  the  preservation  of  the 
oonducting  powers  of  motor  nerves  during  acute  chromium  poisoniiig, 
leaves  us  no  alternative  to  considering  the  centre  of  the  vagus  iu  the 
medulla  as  the  exact  point  of  lesion. 

IV.     CONCLUSION. 

As  is  the  case  with  many  other  irritant  metallic  poisons, 
the  action  of  chromium  salts  on  the  animal  economy  may  be 
regarded  as  twofold,  y\z.  an  action  on  mucous  membranes,  and 
an  action  on  the  great  nervous  centres. 

Of  the  former  the  evidence  rests  chiefly  upon  post  mortem 
appearances.  The  congestion  and  the  hsemorrhagic  infarctions 
discovered  in  the  internal  coat  iA  stomach,  and  small  and  large 
intestine,  and  which  so  rapidly  follow  injection  of  the  drug ;  the 
character  of  the  contents  of  the  intestines,  which  consist  of 
copious  fluid,  or  but  slightly  viscid,  gnimous  material,  sufii- 
ciently  indicate  the  nature  of  the  changes  which  seize  upon  the 
mucous  membrane  of  the  alimentary  canal :  while  the  conges- 
tion of  kidney,  the  cloudiness  and  fatty  degeneration  of  its 
epithelium  (Gergens),  together  with  the  occurrence  of  albumi- 
nuria (Gergens)  with  casts,  shew  at  once  the  implication  of  the 
renal  secreting  apparatus. 

As  evidence  of  the  second  action  of  chromate-salts  there  are 
the  various  phenomena  which  have  been  already  noticed  in 
detail,  (1)  of  stimulation,  and  (2)  of  depression,  of  various 
cerebro-spinal  centres.  Of  these,  as  one  of  the  most  important, 
the  vaso  motor  centre  must  be  mentioned.  This  centre  is 
somewhat  stimulated  as  sood  as  the  poison  has  had  time  to 
circulate  to  the  brain,  the  arterial  tonus  being  considerably 
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raised  shortly  after  venous  injection ;  but,  after  a  brief  period 
of  exaltation,  the  power  of  the  centre  gradually  declines;  it 
loses  its  hold  on  the  vessels,  which,  as  death  approaches,  are 
apparently  dilated  to  the  full. 

The  respiratory  centre  in  mammals  would  appear  not  to  be 
materially  injured,  at  least  the  methods  of  observation  adopted 
have  not  been  adequate  to  shew  any  abnormality ;  but  in  the 
frog,  as  may  frequently  be  noticed  in  the  cases  of  paralysis 
otherwise  induced,  the  movements  of  respiration  are  the  first  to 
cease — a  fact  which  the  persisting  vitality  of  nerve-trunks  com- 
pels us  to  attribute  to  functional  death  of  the  respiratory  centre. 

The  cardiac-inhibitory  centre  in  the  cord  must  also  be 
regarded  as  acted  upon  in  an  irregular  manner  by  chromate  of 
soda,  if,  as  I  have  sought  to  shew,  the  curious  variations  in 
the  pulse-tracing  which  constantly  follow  poisoning  by  this  salt 
are  really  referable  to  inhibition. 

The  motor  centres  of  the  cerebro-sptnal  system  are  mani- 
festly acted  upon.  The  convulsions  in  guinea-pigs  and  rabbits, 
followed  by  paralysis,  chiefly  but  not  solely  of  the  lower  ex« 
tremities,  and  the  tetanic  contraction  of  the  arms  in  frogs, 
cannot  be  due  to  any  other  cause.  The  abolition  of  reflex 
action  in  frogs  is  an  analogous  case,  and  shews  that  the  centres 
concerned  in  the  origination  of  motor  impressions  in  accordance 
with  afferent  or  sensory  stimuli  are  also  afiected  by  this  poison; 
for  the  abolition  was  due  to  injury  neither  of  motor  nor  of  sen- 
sory nerve-trunks  or  terminals,  and  must  therefore  have  been 
caused  by  lesion  of  the  reflecting  centres. 

With  regard  to  the  heart,  I  do  not  think  we  can  attribute  to 
chromium  any  direct  or  special  action  upon  it.  The  introduc- 
tion of  a  comparatively  lai^  amount  of  the  strong  solution  of 
any  salt  into  the  blood  must  necessarily  so  disturb  the  coarser, 
physical  characters  of  that  fluid,  as  to  cause  it  to  react  upon  the 
tissues  it  bathes  in  a  manner  injurious  to  their  function ;  but 
this  is  not,  rightly  speaking,  a  special  action  of  the  salt.  In 
this  sense  only  can  it  be  said  that  chromate  of  soda  affects  the 
heart,  and  causes,  for  example,  that  stoppage  in  diastole  which 
must  be  regarded  as  very  remarkable  when  occurring  in  the  frog. 

It  is  intended,  however,  to  enter  more  fully  into  this  matter 
in  a  subsequent  research. 


CASE  OF  UNIVENTRICULAR  or  TRICCELIAN  HEARTS 
By  RoBEET  Elliot,  M.D.  (Edin.),  F.R.C.P.  {Land.)  Carlisle. 

The  case  of  J.  C -,  a  clerk  in  an  office^  most  nearly  approxi- 
mates to  the  17th  in  Dr  Peacock's  elaborate  work,  2nd  Edit, 
p.  148 ;  and  to  the  4th  published  by  Dr  Cockle  in  the  Med* 
Cliir.  Trans.,  Vol.  XLVi.  p.  200,  quoted  from  Mr  King  in  Vol.  iv. 
of  the  Monthly  Journal  of  Medical  Sciences. 

The  peculiarity  of  J.  C.'s  case  consisted  in  the  combination 
of  transposition  of  the  great  vessels ;  smallness  of  the  aorta,  and 
large  size  of  the  pulmonary  artery;  total  absence  of  ventricular 
septum ;  all  but  total  freedom  from  pericardial  adhesion ; 
equally  healthy  and  efficient  lungs;  the  attainment  of  the  age 
of  19  years  and  8  months;  and  lastly,  amiability  and  good 
humour. 

Cyanotic  signs  were  first  observed  at  3  months  of  age,  and 
gradually  increased  as  he  grew  older.  The  livid  complexion, 
the  clubbed  finger  ends,  the  sensibility  to  cold,  the  inaptitude 
for  bodily  exertion,  the  stuffy  breathing,  the  high  intelligence, 
were  such  as  are  usual  in  cyanosis.  He  was  short  and  slight  in 
figure,  had  no  beard,  his  chest  was  small,  rounded  and  pro- 
jecting, especially  at  the  left  border  of  the  sternum,  and  with 
trifling  movement.  On  percussion  of  the  chest  there  was  dul- 
ness  in  the  precordial  region  far  beyond  normal  limits.  The 
heart's  action  was  nervous  and  thumping,  with  a  whizzing  bruit 
occasionally  accompanying  the  systolic  sound,  the  1st  and  2nd 
sounds,  however,  were  otherwise  normal.  His  pulse  was  an  ex- 
ceedingly shabby  one,  and  strangely  variable  in  force,  but 
always  about  80.  There  was  no  other  indication  of  valvular 
defect,  nor  any  sign  of  pericardiac  disease. 

Appetite  good,  bowels  regular,  urine  generally  turbid, 
sleep  of  average  length  and  depth,  but  with  thick  stufi^  breath- 

1  Bead  to  Med-Chir,  Soc.  London,  Jane  28, 1S68.    Abstract  in  Proeeedim§t 
of  that  date. 
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ing.    In  summer,  especially  in  warm  weather,  feels  himself 
best    His  health  was  wonderfully  good  and  uniform. 

In  his  last  and  only  important  illness,  extending  over  three 
weeks,  his  appetite  was  extremely  poor,  he  vomited  frequently, 
his  tongue  was  dirty,  aphthous,  and  sore;  and  his  pulse  was 
small  and  rapid;  he  had  much  precordial  pain*  and  oppression, 
his  breathing  was  laborious,  so  that  he  was  obliged  constantly 
to  sit  up,  he  had  drowsiness  gradually  deepening,  extremities 
slightly  cedematous,  very  cold  and  livid,  face  still  more  livid, 
and  mouth  and  tongue  most  so.  He  died  calmly,  and  as  if 
through  gradual  exhaustion,  on  May  19th,  1867.  He  got  great 
relief  from  the  inhalation  of  oxygen,  but  was  not  troubled  with 
any  other  medication.  Under  the  influence  of  this  gas  his 
precordial  pain  lessened,  his  colour  mightily  improved,  his* 
bowels,  skin,  and  kidneys,  all  acted  better,  and  he  breathed  so^ 
much  more  freely,  that  he  said  he  had  not  felt  so  easy  and  well 
for  years. 

An  autopsy  was  made  2^  days  afterwards.     There  was 
great  oedema  of  the  extremities,  the  body  was  livid,  especially 
the  extremities,  the  neck  and  face  more  so,  and  the  inside  of 
the  mouth  most  so,  as  in  life. 
The  brain  was  not  inspected. 

The  lungs  were  quite  healthy  in  appearance,  no  trace  of 
tubercle  or  of  any  disease  either  on  or  in  the  lungs,  both* 
equally  normal  Slight  effusion  existed  in  each  pleural  sac. 
No  adhesions. 

The  liver  was  healthy. 

The  pericardium  externally  was  normal,  internally  there 
was  slight  effusion,  and  but  a  single  adhesion,  trifling,  old,  and 
elongated. 

Examination  of  ike  heart,  July  24th,  1867,  after  rather 
over  two  months  immersion  in  spirit;  present  Drs  Embleton 
and  Elliot. 

JExterior:  The  organ  appears  large,  measures  round  its 
widest  part  11^  inches,  and  in  length  4J.  The  bulk  was  chiefly 
due  to  the  right  or  pulmonic  heart  which  was  distended  with 
gnimous  blood.  External  surface  healthy,  except  the  old  ad- 
hesion above-named,  on  the  front  near  the  apex.  On  placing 
the  heart  with  its  anterior  surface  upwards,  the  anterior  longi- 
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tudinal  furrow  with  its  vessels  holds  the  usual  position,  ending 
above  and  to  the  right  side  of  the  apex. 

The  aorta  and  pulmonary  artery  are  seen  to  be  reversed  in 
position,  from  the  right  side  of  the  heart  springs  the  aorta^ 
having  on  each  side  of  its  origin  the  right  and  left  auricular  ap- 
pendages. The  aorta  is  not  more  than  half  an  inch  in  diameter, 
its  arch  is  formed  as  usual,  and  the  customary  three  branches 
are  given  off  from  it.  All  three  are  small,  in  proportion  to  the 
size  of  the  trunk  from  which  they  arise ;  the  innominata  bifur- 
cates ¥rithin  half  an  inch  of  its  origin.  Immediately  behind  the 
origin  of  the  aorta  is  placed  that  of  the  pulmonary  artery,  which 
measures  an  inch  and  three  quarters  in  diameter  at  its  com- 
mencement, passes  up  behind  the  ascending  part  of  the  aorta^ 
and  bifurcates  as  usual  under  its  arch;  and  just  below  its  bifrir- 
cation  its  diameter  is  2  inches.  The  ductus  arteriosus  is  quite 
closed  The  right  auricle  and  the  right  side  of  the  ventricular 
part  of  the  heart  appear  unduly  large ;  this  auricle  is  a  good 
deal  laiger,  both  as  to  its  sinus  and  its  appendage,  than 
the  left. 

The  venas  cavse  enter  the  right  auricle  normally,  and  the 
usual  four  pulmonary  veins  are  normally  connected  with  the 
left  auricle. 

Interior :  The  ventricular  division  of  the  heart  is  one  large 
cavity,  no  trace  of  septum  is  visible,  the  organ  having  been 
freely  opened  from  the  apex  towards  the  base.  The  reticula- 
tions of  the  columnse  carnese  on  the  right  side  are  not  nearly 
80  numerous  and  complicated  as  those  on  the  left  side;  the 
musculi  papillares  are  nearly  as  large  on  the  right  as  on  the 
left  side,  and  the  ventricular  wall  on  the  right  is  very  nearly  as 
thick  as  that  on  the  left  side. 

The  aortic  aperture  is  placed  in  the  normal  position  of  that 
of  the  pulmonary  artery,  and  the  latter  in  that  of  the  former ; 
the  orifice  of  the  aorta  is  small,  like  the  vessel  itself  above,  its 
valves  are  of  the  usual  form,  and  healthy  in  appearance. 

The  pulmonary  orifice  is  somewhat  constricted,  contrasting 
thus  with  the  wide  calibre  of  the  trunk  above,  and  yet  it  has 
about  twice  the  diameter  of  the  aortic  opening,  the  latter  ad- 
mits easily  a  fore-finger,  whilst  the  former  will  accommodate 
two  fingers. 


CASE  OF  UKIYENTBICnLAR  OB  TBICCBLIAN  HEART.       305 

The  valves  of  the  pulmonary  artery  are  thickened,  particu- 
larly at  their  borders,  but  unequally  so,  the  anterior  and  the 
right  posterior  segments  being  much  more  so  than  the  left  pos- 
terior, which  is  not  only  thinner  but  also  a  little  smaller  than 
the  others.  Together,  however,  these  valves  appear  to  be  com- 
petent to  close  the  opening.  The  thickened  edges  of  these 
valves  scarcely  appear  capable  of  giving  rise  to  the  occasional 
whizzing  sound  which,  during  life,  accompanied  the  ventricular 
systole. 

On  dose  examination,  j«st  vader  the  right  posterior  seg- 
ment of  the  pulmonary  valve,  is  seen  a  little  bag  of  membrane, 
valve-like,  convex  and  bulging  towards  the  pulmonary  aperture, 
concave  towards  the  right  auriculo-ventricular  opening,  and 
having  two  or  three  chordte  tendinese  attached  to  its  otherwise 
free  border.  Its  exact  position  was  between  the  last-mentioned 
segment  of  the  pulmonary  valve  and  the  left  segment  of  the 
tricuspid  valve,  and  might  assist  that  segment  in  preventing 
the  direct  passage  of  blood  from  the  right  auriculo-ventricular 
aperture  to  that  of  the  palmonary  artery,  but  when  distended 
with  blood  it  would  be  carried  somewhat  over  the  pulmonary 
orifice,  and  thus,  in  aU  probability,  give  rise  to  the  occasional 
whizzing  above  mentioned.  This  liULe  valvular  bag  lies  in 
the  uppermost  part  of  the  spaee,  that  is  left  vacant  by  the  ab- 
sence of  the  interventricular  septum,  and  its  attached  border  is 
fixed  between  the  right  auriculo-ventricular  aperture  and  that 
of  the  pulmonary  artery.  A  little  below  this  bag,  and  further 
back,  against  the  posterior  wall  of  the  general  ventricular  cavity, 
are  seen  the  adjacent  segments  of  the  tricuspid  and  bicuspid 
valves  connected  together,  a  small  papiUarf  muscle  running  up 
along  a  part  of  their  line  of  nnioii.  These  two  sets  of  valves 
appear  to  be  otherwise  normally  arranged  as  regards  their  seg- 
ments. The  right  auricle  is  a  good  deal  dilated,  and  its  walls 
bypertrophied,  the  appendage  is  unusually  capacious,  and  the 
musculi  pectinati  strong. 

The  vestige  of  the  Eustachian  valve  is  visible.  The  valve  of 
the  coronary  vein  shews  a  perforation.  At  the  upper  and  back 
part  of  the  fossa  ovalis  exists  a  rather  oblique  opening  which 
would  admit  an  ordinarily  sized  goose-quilL  This  is  the  only 
communication  between  the  auricles,  and  could  not  be  the 
VOL.  XI.  20 
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cause  of  the  whizzing  murmur.  Nothing  abnormal  in  the  left 
auricle. 

.  For  other  cases  of  Malformation  of  Heart,  see  Reports  of  Proceedr 
ings  of  Nor^urnherland  and  Durham  Med,  Soc.  Session  1862-63,  and 
ditto  1850,  Ist  bjDr  Embleton  and  2nd  by  Mr  Wallis,  South  Shields, 
and  again,  1858,  in  ditto,  by  Mr  Bolton.  Also,  Dr  Peacock's  work 
on  '*  Malformations,  &c.  of  the  Human  Heart,"  BrU,  Med,  Journ.^ 
Sept.  28, 1872,  p.  351,  a  case  by  James  Johnuon,  M.B.  of  Birmingham, 
(Deficiency,  not  absence  of  sept  ventricuL),  and  the  same  Joum,  for 
Jan.  11th,  1873  a  ''Case  of  Tncoelious  Heart  in  which  sept,  ventricul. 
was  absent,  with  figs,  of  exterior  and  interior/'  by  S.  M.  Bradley, 
F.R.C.S.  of  Manchester. 


ON  THE  CHANGES  IN  THE  CIRCULATION  WHICH 
ARE  INDUCED  WHEN  THE  BLOOD  IS  EXPELLED 
FROM  THE  LIMBS  BY  ESMARCHS  METHOD.  By 
H.  G.  Brooke,  B.A  (London),  and  K  O.  Hofwood,  BA. 
Christ's  Church,  Oxford,  Piatt  Exhibitioners  in  the  Physio^ 
logical  Lahoroitory  of  Owens  CoUege,  Manchester. 

(Fi'om  the  Physiological  Laboratory  of  Owens  CoUege^ 

An  idea  suggested  itself  some  time  ago  to  Dr  Gamgee  that 
it  would  be  interesting  to  observe  from  a  physiological  point 
of  view  the  effects  produced  on  the  circulation  by  the  appli- 
cation of  Esmarch's  bandages,  and  he  therefore  seized  the 
opportunity  of  the  presence  in  Manchester  of  Dr  Paul  Albrecht, 
late  Assistant  in  Professor  Esmarch's  Clinique  at  Kiel,  to 
commence  a  series  of  experiments,  which  we  have  carried  on, 
and  the  results  of  which  are  here  recorded. 

1.    Description  of  method  of  experimenting. 

Our  method  of  procedure  is  as  follows.  A  strong  3  inch 
web  elastic  bandage  is  taken,  stretched  tightly  under  the  foot 
of  the  individual  to  be  operated  upon,  and  over  the  ends  of 
the  toes,  turned  and  wound  upwards  in  spirals,  lege  artis; 
passing  over  a  pad  placed  under  the  popliteal  space  in 
order  to  make  more  complete  pressure  on  the  subjacent  vessels, 
and  then  over  the  thigh.  At  the  top  of  the  thigh  two  or 
three  overlying  turns  are  made,  and  the  bandage  is  fastened 
by  means  of  an  ordinary  safety-pin,  a  plan  which  we  found 
to  be  as  efficient  as  the  use  of  any  tourniquet,  and  much 
less  painful ;  throughout  the  series  of  experiments  we  tried  to 
avoid  all  actual  pain  in  order  to  eliminate,  as  much  as  possible, 
the  influence  of  any  psychical  or  reflex  vaso-motor  effect  on 
the  pulse-rate,  and  we  succeeded  so  far  as  to  produce  nothing 
more  than  a  mere  feeling  of  discomfort  from  the  compression 
which  the  bandage  necessarily  exerts. 

In  order  to  see  if  the  object  has  been  accomplished,  the 
bandage  is  removed  from  the  foot  upwards  with  the  exception 
of  the  few  folds,  which  serve  as  a  tourniquet.  If  the  bandage 
has  been  well  applied  the  limb  appears  perfectly  blanched,  and 
after  a  period  of  slight  hypersBsthesia  (in  some  cases),  followed 
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by  paralysis  of  both  motor  and  sensory  nerves,  it  becomes  quite 
cold  and  cadaverous.  Tapping  on  the  foot  then  produces  the 
sensation  of  a  series  of  shocks  on  the  section  of  the  thigh  im- 
mediately above  the  'tourniquet.'  The  subject  was  in  each 
case  stripped  and  in  the  recumbent  posture,  and  the  experi- 
ments were  made  an  hour  or  two  after  a  meaL  The  normal 
pulse-rate  and  sphygmographic  tracings  (at  three  di£ferent 
pressures)  were  first  taken,  the  bandage  was  then  applied  as 
described,  the  pulse-rate  being  now,  as  indeed  throughout  the 
whole  experiment,  carefully  and  constantly  counted. 

On  the  completion  of  the  bandaging  three  more  tracings 
were  taken  by  the  sphygmograph,  which  was  kept  continuously 
applied  to  the  arm.  The  second  leg  was  afterwards  treated  in  the 
same  manner,  and,  after  an  interval,  the  two  bandages  simul- 
taneously released,  the  pulse  being  now  most  carefully  counted 
for  short  periods,  and  the  observations  continued  until  the  re- 
establishment  of  the  normal  condition.  On  releasing  the  band- 
ages the  blood  is  seen  to  rush  quickly  down  the  leg,  causing 
an  intense  blush,  and,  without  any  uncomfortable  sensations, 
the  limb  in  a  few  moments  completely  regains  its  power. 

Throughout  the  experiments  the  following  observations  on 
the  general  conditions  of  the  persons  experimented  on  were 
made.  In  addition  to  the  local  alterations  in  sensibility,  it 
was  observed  that  usually  some  time  after  the  bandages  had 
been  applied  the  individual  complained  of  a  great  fulness  of 
the  eyes,  accompanied  sometimes  by  a  throbbing  of  the  iliacs 
and  of  the  common  carotids.  After  the  blood  had  been 
allowed  to  re-enter  the  limbs  intense  shivering,  sometimes 
almost  amounting  to  rigor,  but  unaccompanied  by  any  sensa- 
tion of  cold,  was  observed. 

Five  individuals,  all  vigorous  adult  males,  varying  between 
the  age  of  21  and  27  were  experimented  upon.  Three  of  them 
were  experimented  upon  on  two  different  occasions,  so  that 
altogether  eight  sets  of  observations  were  made.  These  led 
to  the  most  concordant  results,  which  we  shall  proceed  to  state 
before  quoting  the  actual  data  of  some  of  the  experiments. 

Qeneral  results  ofihe  Experiments. 

1st.  Whilst  one  lower  limb  is  being  bandaged  an  increase 
in  the  pulse-rate  always  occurs,  which  may  continue  for  some 
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minutes,  but  which  more  commonly  falls  quickly  to  about  the 
normal  rate.  2nd.  During  the  bandaging  of  the  second 
lower  limb  the  pulse  again  becomes  quicker,  but  the  quicken- 
ing is  only  temporary ;  when  the  pulse  falls  after  this  second 
rise  it  may  however  remain  permanently  a  few  beats  above 
the  normal  3rd.  When  both  bandages  are  suddenly  re- 
moved there  is  an  instantaneous  and  usually  remarkable 
quickening  of  the  heart-beat,  which  only  lasts  for  a  very  short 
time,  and  which  is  followed  by  a  fall  to  below  the  normal  rate, 
and  sometimes  by  irr^ular  action  of  the  heart ;  this  condition 
is  usually  of  brief  duration. 

We  shall  now  give  the  more  important  data  obtained  in  four  of 
our  experiments. 

Exp.  1.      July  20,  1876.      Subject  of  experiment,  A.     A  iM  22 
years  of  age,  weighs  140  lbs.,  and  is  5  fl.  6  in.  in  height 


Time. 

PnlseBate 

p.m. 

in   ' 

B.  M.    B. 

60  Seconds. 

1  16 

82 

1  22 

78 

1  24 

82 

96 

1  S9 

•  88 

1  30 

84 

1  32 

88 

1  32  30 

84 

1  37 

1  40 

100 

1  41 

84 

1  44 

94 

1  47 

92 

1  49 

86 

1  60 

82 

1  51 

108 

1  54 

94 

1  55 

70 

1  58 

76 

1  59 

74 

2     0 

76 

2     4 

72 

ObflerTations. 

A  has  stripped  and  is  lying  on  a  bed, 
sufficiently  covered  not  to  suffer  from 
cold.  Sphygmograpbio  trading  of  rigbt 
radial  taking. 

Application  of  Esmaroh  bandage  to  left  leg 

is  commenced. 
During  the  bandaging. 
The  buidaging  of  the  left  leg  completed. 

Sphygmograpbio  tracing  taken. 

Bandaging  of  right  leg  commenced. 
The  rigbt  leg  is  half  bandaged. 
Bandn^ng  finiahed. 


Bandages  suddenly  removed. 
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Exp.  2.     July  20,  1876.    B  experimeTiied  npon.    B  is  22  years  of 
a^.     Weight  of  B  168  lbs. ;  height  of  ^  6  ft 


Time, 
p.m. 

Ha     H.     B. 

3  45 
3  52 
3  53 
3  58 

3  58  30 

4  1 
4  6 
4  9 
4  12 

4  15 
4  19 


4  24 


Obsenrations. 
B  is  lying  on  a  bed  stripped. 

•••  •••  •••  •■•  •••  • 

Bandaging  of  right  leg  commeuced.   . 
Bandaging  is  proceeding. 
Bandagiug  is  completed. 
Sphygmograpbic  tracing  taken. 
Bandaging  of  left  leg  commenced. 
Bandaging  is  proceeding. 
Bandaging  finished.      Feels  fulness  of 
Sphygmogiuphic  tracing  taken. 

«••  •••  •••  •••  •••  ••• 

Both  bandages  simultaneously  removed, 
the  two  succeeding  half-minutes  the 
was  44  in  30  seconds 


42 


If 


Palae  Rate 

in 

60Seoondi. 

... 

58—62 

64     66 

56 

72 

72 

58 

58 

68 

head. 

60 

... 

62 

In 

pulse 

•  •   • 

88 

•  •  • 

82 

1   •  • 

58 

Appended  is  the  set  of  sphygmographic  tracings.  It  will  be 
observed'  that  in  this  case  tracings  (2)  and  (3)  do  not  indicate  any 
quickening  of  the  pulse,  the  rate  of  which  had  fallen  before  the 
tracings  were  take9. 

Tracings  (4)  illustrate  well  the  quickening  which  immediately 
follows  the  return  of  blood  to  the  limbs.  It  will  be  observed  that 
the  lowest  of  the  three  tracings  in  (4)  shews  a  much  more  rapid 
pulse  than  the  second  and  third ;  in  the  few  seconds  which  elapsed 
i)etween  the  taking  of  (1)  and  (3)  the  frequency  of  the  pulse  bad 
diminished  remarkably. 

Tracings  (5)  illustrate  how  perfectly  the  pulse  returned  to  its 
normal  rate  and  form  after  the  bandages  had  been  taken  off. 
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Tnwings  taken  in  Exp.  2.     B.    Joljr  20,  1876. 
Fig.  1.    NonuBl,  befon  bandiging. 


Fjg.  8.    After  one  leg  hM  been  bandaged. 


Fig.  S.    After  both  !«((■  IiftTS  been  bandaged. 
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Fi£.  4.    Immedifttolj  after  imhuiAa^ing. 


Fig.  S.     Some  tima  titaz  anbaiiit^iig. 


In  all  cases  the  lowest  of  the  three  tradngs  which  yna  takoi 
firet  is  ut  a  prewiire  of  3  o&,  the  middle  curve  at  4  ot,  and  the 
highest  curve  at  5  uz. 
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Exp.  3.    May  19,  1876.    Individiial  experimeDted  upon,  C.    Age  of 
C  is  21 ;  weight  140 lbs.;  height  5ft.  ll^in. 

Time. 

ObaerTBtioiiB. 


p.111. 

B.  M.  8. 

8  5 

to 
8  12 
8  16 
8  17  15 
8  19 
8  23 


I 


8  39 

8  41 
8  50 
8  51 
8  53 
8  53  30 
8  54 
8  54  30 
8  55 
8  55  30' 
8  59 

8  59  30 

9  0 
9  1 
9  3 

9  4  30 

9  5 

9  5  30 

9  6  45 

9  7  15 

9  7  45 

9  8 

9  12  30 
9  14  30 
9  15 

9  16 
9  17 


Is  lying  reoombent  <m  a  bed. 


••• 


••• 


♦•• 


••• 


Bandaging  of  left  leg  commeneed.  Pulse  dur- 
ing each  Buoeeanve  30  seoondM  Uirougfaout 
the  bandaging  counted  36  in  30  seconds. 

35 
39 
38 
37 
44 
44 

or  at  the  rate  of      

Bandaging  is  completed. 
Goai)dAinii  of  fulness  of  eyes. 


Annsthesia  of  left  foot. 
Bandaging  of  right  leg  commenced.  ... 
Pulse  35  in  30  seconds. 
35 


If 

n 


•  •• 


•  •• 


38 
38 
86 
38 
44 
48 
45 
45 


99 
>l 

n 

If 
fl 
»l 
l» 


•  *  » 


♦  •t 


♦  •• 


•  •# 


«•• 


Bandaging  completed. 
Pulse  36  in  30  seconds. 

34 

34 

37 

37 
Suffering  a  little  from  palpitation. 


99 
99 
99 
99 


Left  leg  unbandaged. 


••• 


Bight  leg  unbandaged. 

Shivering  of  whole  body^  but  without  any 

feeling  of  cold. 
Shivering  and  tremor  of  all  the  muscles. 
Chattering  of  teeth. 


PnlMBate 
in 


70—74 

62 
63 
66 


88 

68—70 

73 

70 

62 


76 


92 
90 


70 
66 

72 


69 
69 


314  its.  BS601LS  AND  MEl  BOPWOOD.  ~ 

-  Exp,  4.     O  WM  Qxperinientod  upon  exactly  m  before. 

H.    IL    B. 

At  3  55         Bandaging  of  right  Ic^waa  oommencetL 

2  69         Bandaging  of  right  leg  completed. 

3  S         Bandaging  of  lelt  leg  oommenced. 

3  10         Bandaging  proceeding ;  complaina  of  fnlceaa  of  eyes. 

3  13  30  Bandaging  of  both  legH  completed. 

3  23  Both  legs  unbandaged. 
As  the  tracings,  in  this,  caw  illuertrate  more  vidbly  the  quickening 
which  immediately  followed  bandaging  of  first  and  second  1^,  tJiey 
are  given  without  a  table  of  pulse-rateii.  Tracing  (4)  does  not  shew 
the  quickening  which  followed  unbandaging,  too  long  a  time  having 
elapsed  between  this  event  and  tbe  taking  of  the  tracing.  The  pnlae 
was  however  observed  to  rise  from  78  to  92  in  the  minute  foUowing 
nnbandaging. 

Traoinga  taken  in  Exp.  4.     C.     July  20,  1676. 
Fig.  1.   Nonnal,  before  bandaging. 


Fig.  9.    After  one  las  had  been  bandaged. 
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Kg.B.    Attn  bob  legs  ludbMnbMidBgad. 


Fig.  4.     After  tmbaudaging  both  lege. 


In  all  cues  the  lowest  curve,  which  waa  talcen  first,  is  at  a  pi**- 
Bnre  of  3  oz.,  the  middle  cui've  at  4  oz.,  and  the  highest  curve  at 


Analysis  of  the  changes  ivduced  in  the  Expenmenta. 

Having  illustrated  by  a  Bufficient  number  of  facta  the 
phenomena  which  were  observed  to  follow  the  expulsion  of  blood 
from  the  limbs  by  Esmarch'e  method,  we  think  it  well  to 
examine  the  inBuence  which  the  bandaging  and  unbandagiiig 
must  exert  upon  the  blood-pressure  in  arteries  and  veins. 

When  Esmarcb'a  bandages  are  applied  to  one  or  both  lower 
extremities  the  following  results  must  follow. 
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Firstly.    Blood  is  expelled  from  the  capillaries  and  veins  of 

the  compressed  part.    The  cadaveric  whiteness  of  the  part  is  a 

proof  of  the  emptying  of  the  capillaries.    It  is  certain  that 

'  nearly  the  whole^  if  not  the  whole,  of  the  blood  contained  in 

the  limbs  is  expelled  by  Esmarch's  method  \ 

Secondly.  Blood  is  expelled  from  the  arteries,  part  of  it 
passing  into  capillaries  and  veins,  but  part  also  being  pushed 
back  into  the  arteries  of  the  trunk. 

Thirdly.  Lymph  is  expelled  from  the  lower  extremities 
in  considerable  quantity,  and  increases  the  amount  of  lymph 
emptied  into  the  venous  S3rstem. 

There  can,  we  believe,  be  no  doubt  that  the  effect  of  these 
three  sets  of  events  must  be  to  increase  for  a  time  the  pressure 
in  the  venous  system  to  a  greater  extent  than  the  pressure  in 
the  arterial  system.  Our  reasons  for  this  belief  are  briefly 
the  following: — 

The  amount  of  blood  contained  in  the  capillaries  and  veins 
of  the  limb,  or  even  in  the  latter  alone,  is  very  much  greater 
than  that  contained  in  the  arteries,  so  that  if  the  effect  of  the 
bandaging  were  merely  to  add  arterial  and  venous  blood  to 
the  arteries  and  veins  of  the  trunk,  we  should  say  that  more 
venous  than  arterial  blood  entered  the  trunk  as  the  result  of 
the  bandaging.  But  the  effect  of  the  quantities  of  arterial  and 
venous  blood  thrown  into  the  body  upon  the  pressure  in  the 
right  and  left  sides  of  the  heart  cannot  be  measured  merely  by 
their  relative  amounts ;  we  must  take  into  consideration  like- 
wise the  capacity  of  the  portion  of  the  vascular  system  which 
has  the  extra  quantity  of  blood  added  to  it  Now  any  increase 
of  pressure  at  any  point  of  the  arterial  system  may  affect  more 
or  less,  it  is  true,  the  blood-pressure  in  the  arteries  of  all  parts; 
not  so  with  the  veins,  for  the  blood  which  is  thrust  into  say  the 
iliac  veins,  when  one  lower  limb  is  compressed,  will  have  no 
influence  on  the  blood-pressure  in  the  veins  of  the  other  lower 
limb  or  of  the  upper  extremities.  The  presence  of  valves  will 
limit  the  increase  of  pressure  due  to  this  addition  of  blood 
mainly  to  the  veins  of  the  trunk ;  we  should  therefore  assume 

1  Labord  and  Mord  d'Arlanz  siaie  from  their  own  experiments  that  the  veios 
are  not  completely  emptied  by  the  compression ;  M.  Knshaber  asserts  that  in 
man  there  is  fonnd  to  be  an  entire  absecoe  of  blood  in  the  Teins. 
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that»  notwithstanding  the  greater  capacity  of  the  veins  as  com- 
pared with  the  arteries  of  the  tnink,  the  effect  of  the  applica- 
tion of  Esmarch's  bandages  to  both  lower  limbs  will  be  for  a 
time  sensibly  to  increase  the  relative  pressure  on  the  right 
side  of  the  heart. 

The  addition  of  lymph  forced  out  of  the  compressed  lower 
limbs  will  tend  to  increase  still  further  the  relative  venous 
pressure — ^it  will  have,  however,  another  effect  which  must  not 
be  neglected;  the  effect  to  which  we  allude  is  a  modification  of 
the  chemical  characters  of  the  blood  of  the  right  side.  It  is 
indeed  possible  that  a  small  increase  in  the  amount  of  lymph 
entering  the  great  veins  may  exert  a  marked  influence  upon 
the  action  of  the  heart,  as  this  organ  is  now  known  to  be 
exceedingly  sensitive  to  very  minute  differences  in  the  chemical 
composition  of  the  Mood  supplying  it\ 

On  the  other  hand,  when  Esmarch's  bandage  is  removed  the 
effect  is  suddenly  and  extensively  to  increase  the  vascular  area 
by  adding  to  the  vessels  of  the  trunk  and  upper  extremities 
the  vessels  of  both  lower  limbs.  But  again,  the  change  does  not 
equally  affect  the  arterial  and  venous  systems.  Owing  to  the 
inter-position  of  valves  it  may  be  asserted  that  the  accession  of 
area  affects  merely  the  Arteries.  In  consequence,  the  arterial 
tension  suddenly  diminishes  while  the  venous  tension  is  not 
immediately  touched ;  the  relative  pressure  in  the  right  heart 
as  compared  with  the  left,  has  increased ;  in  other  words  the 
normal  difference  of  pressure  between  the  two  sides  of  the 
heart  is  lessened ;  and,  in  fact,  the  same  change,  but  otherwise 
induced,  has  occurred  after  unbandaging  as  after  bandaging. 

Theoretical  explanation  of  thet  Phenomena. 

It  is  with  diffidence  that  we  trust  ourselves  to  speculate  at 
all  in  this  matter:  not  only  on  account  of  the  presence  of 
an  unknown  factor  in  the  effect  on  the  heart  of  the  added 
lymph:  but  also  on  account  of  our  imperfect,  merely  general, 
knowledge  of  the  action  of  afferent  nerves  in  reflex  connection 

^  This  inflaenee  of  the  lymph  as  affeetiiig  the  qvdlity  of  the  blood  and  thus 
inflaeneiiig  the  aotion  of  the  heart  was  pointed  out  to  os  by  Profeeeor  Kroneeker 
when  an  abetraet  of  thia  paper  was  read  before  the  Phyaiological  section  of  the 
British  Assooiationin  September,  1976. 
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:with  the  heart  Is  it  not  possible,  for  example,  that  the  changes 
we  have  observed  may  be  due  to  the  stimulation  of  afferent 
nerves,  other  than  sensory,  ramifying  in  the  tissues  of  the  leg — 
a  stimulation  determined  by  the  expulsion  and  readmission  of 
blood  ?  But  setting  aside  the  possibility  that  further  discovery 
may  suggest  additional  causes  of  the  phenomena,  the  h}rpothesis 
we  are  about  to  advance  appears  competent  to  connect  the 
facts  already  observed,  and  may  turn  out  to  be  at  least  a  par- 
tial explanation. 

It  has  been  stated  that  bandaging  and  imbandaging  the 
lower  limbs  produce  the  same  series  of  effects  on  the  pulse-rate. 
It  has  further  been  shewn  that  both  operations  lead  to  disturb- 
ances of  vascular  tension  exactly  similar  in  nature  thougli  dif- 
ferently conditioned :  that  is  to  say,  in  both  cases,  the  difference 
which  normally  exists  between  the  venous  and  arterial  pressures 
is  diminished,  on  bandaging,  by  approximating  the  venous  to  the 
arterial,  and  on  unbandaging,  by  approximating  the  arterial  to 
the  venous  pressure. 

May  we  not  seek  in  this  coincidence  of  conditions  the  cause 
of  the  altered  heart-rate  ?  In  order  to  do  so  it  must  be  assumed 
that  such  a  diminution  of  the  normal  difference  of  venous  and 
arterial  pressures  leads  to  accelerated  pulsation  of  heart.  This 
assumption  is  not  so  important  as  it  may  at  first  sight  appear : 
for  it  is  but  a  more  general  expression  of  a  proposition  advanced 
long  ago,  and  often  insisted  upon  by  Professor  Marey. 

M.  Marey  has  shewn  that  when  the  arterial  pressure  is 
increased  the  heart  beats  more  slowly ;  when  the  arterial  pres- 
sure is  diminished  the  heart  beats  more  rapidly.  He  has  cited 
a  large  number  of  cases,  which  shew  that  all  those  acts  of  the 
body  which  lead  to  vascular  dilatation  are  necessarily  accom- 
panied by  a  rapid  action  of  the  heart.  Thus  when  we  run  the 
muscular  vessels  dilate  and  the  heart  beats  rapidly.  When  the 
body  is  heated  the  same  effect  follows,  whilst  when  it  is  cooled 
the  heart  beats  more  slowly.  Now  we  may,  if  we  like,  say  that 
in  these  cases  the  primary  cause  of  the  rapid  or  slow  heart-beat 
is  the  diminution  or  increase  of  the  arterial  pressure;  we 
believe,  however,  that  it  is  not  unlikely  that  the  proximate 
cause  is  to  be  found  in  the  increase  or  diminution  of  the  pres- 
sure in  the  right  side  of  the  heart. 
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In  all  the  cases  quoted  by  M.  Marey  in  which  the  heart  beats 
more  rapidly,  the  normal  difference  in  pressure  is  diminished : 
i.  e.  ((he  pressure  in  the  right  side  is  relatively  increased,  and  in 
all  the  cases  in  which  the  heart  beats  more  slowly  the  pressure 
in  the  right  side  is  relatively  diminished.  Thus  dilated  arteri- 
oles permit  the  blood  to  flow  rapidly  and  in  larger  quantity  into 
the  veins,  thus  lowering  the  arterial  and  raising  the  venous 
tensions,  and  so  reducing  the  difference  normally  existing 
between  thent  On  the  other  hand,  contracted  arterioles  have 
just  the  opposite  effect. 

This  hypothesis,  therefore,  at  the  outset,  receives  much  sup- 
port from  the  facts  and  arguments  of  Professor  Marey.  But  it 
does  not  lean  solely  upon  them.  In  the  first  place,  the  experi- 
ments of  Blasius  on  the  work  done  by  the  frog-heart  prove  that, 
in  the  frog-heart,  when  the  arterial  pressure  is  constant  the 
heart-rate,  up  to  a  certain  point,  increases  as  the  venous 
pressure. 

In  the  second  place,  in  the  pathological  conditions  which 
lead  to  an  engorged  right  side,  the  heart's  action  is  permanently 
quickened:  for  example,  in  mitral  stenosis,  whenever  there  is 
venous  engorgement,  the  heart  beats  more  rapidly. 

Thus,  if  the  view  proposed  of  M.  Mare^s  law  be  accepted, 
the  experiments  of  Blasius  and  the  case  of  mitral  stenosis,  not 
before  covered  by  the  law,  are  brought  into  relation  with  the 
well-known  effects  of  increased  or  diminished  arterial  tonus,  as 
well  as  with  our  own  observations. 

The  various  facts  of  the  present  research  are  accounted  for 
in  the  following  manner : 

1.  When  the  limbs  are  compressed,  the  quickening  is 
explained  by  a  diminution  of  the  normal  difference  in  the 
blood-pressure  due  to  the  increase  of  pressure  on  the  right  side. 

2.  The  return  to  the  normal  or  to  near  the  normal  rate 
after  one  limb  has  been  compressed  is  due  to  the  fact  that  the 
normal  relative  difference  has  been  re-established. 

3.  The  quickening  when  the  limbs  are  unbandaged  is  due 
to  a  diminution  of  the  normal  difference  in  the  blood-pressure^ 
owing  to  a  decrease  of  pressure  in  tlie  left  side. 
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It  is  quite  oonoeivable  that  in  the  first  case  the  right  side  of 
the  heart  may  initiate  the  more  rapid  contractions  of  the  whole 
organi  and  that  in  the  second  case  the  left  side  may  do  80^ 

^  The  retder  is  referred  to  a  paper  yMok  has  appeared  sinee  this  article 
was  written,  entitled,  **  Ueber  die  Abhangigkeit  dee  Hersrhythmns  von  den 
Blatdmokschwankangen  Ton  Dr  8.  Tschiriew  in  St  Petersburg:*' — Cmtralblatt 
f&r  die  medieinUehen  Wiuetuehaften,  1876,  No.  86,  p.  009.  The  author  has 
obserred  an  acceleration  of  the  heart  to  follow,  when  oompression  of  the  ab- 
dominal aorta  has  been  kept  np,  and  is  then  stopped. 


ON  THE  EFFECTS  OF  SULPHATE  OF  ATROPIA  ON 
THE  NERVOUS  SYSTEM  OF  FROGS.  By  Sydney 
RiNGEKy  M.D.,  Professor  of  Therapeutics  at  University 
College,  and  William  Mukbell,  L.R.C.P.,  Sharpey  Phy^ 
sioloffical  Soholar, 

In  the  course  of  an  experimental  investigation  made  with  the 
view  of  elucidating  the  true  nature  of  tetanus,  we  had  occasion 
to  repeat  many  of  Dr  T.  R.  Frasei^s  well-known  experiments 
on  the  influence  of  atropia  on  the  nervous  system  of  frogs.  We 
are  induced  to  publish  our  observations ;  for  though  in  the  main 
they  are  confirmatory  of  those  of  previous  observers,  they  diflFer 
from  them  in  some  respects. 

In  the  first  place  we  will  speak  of  the  tetanizing  action  of 
atropia.  Dr  Eraser  has  shown  (1)  that  in  frogs  tetanic  symp- 
toms follow  the  subcutaneous  injection  of  a  dose  of  sulphate 
of  atropia  equivalent  to  about  1000th  of  the  weight  of  the 
animal ;  (2)  that  this  tetanus  sometimes  sets  in  on  the  second 
day,  but  more  frequently  on  the  third,  fourth,  or  fifth;  (3)  that 
it  varies  in  its  duration  from  a  few  hours  to  seventeen  days;  (4) 
that  it  is  due  to  the  action  of  the  drug  on  the  cord  {meduUa 
oblongata  and  medtiMq,  spinalis). 

The  observations  were  made  during  the  months  of  May, 
June  and  July.  The  frogs  used  for  our  experiments  were  with 
a  few  exceptions  the  ordinary  Rana  temporaria.  We  employed, 
except  when  the  contrary  is  stated,  a  1  in  20  solution  of  sul- 
phate of  atropia  in  water,  the  requisite  dose  being  injected 
either  under  the  skin  of  the  back  or  into  the  axilla.  The  first 
twelve  cases  were  observed  thrice  daily,  between  seven  and 
eight  in  the  morning,  one  and  two  in  the  afternoon,  and 
five  and  six  in  the  evening.  In  the  subsequent  experiments, 
observations  were  made  much  more  frequently,  with  the 
view  of  determining  how  rapidly  paralysis  occurred,  how 
soon  it  reached  its  height,  and  how  quickly  it  declined. 
In  some  cases  the  animal  was  under  almost  continuous 
observation  for  many  hours,  in  others  the  notes  were  taken 
every  eight  or  ten  minutes  for  the  first  hour,  and  hourly 
or  every  three  hours  subsequently.  We  may  take  this  op- 
portunity of  explaining  that  whenever  we  employ  the  term 
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"pithed  and  pegged"  we  mean  division  of  the  cord  by  cutting,  and 
destruction  of  the  brain  by  the  introduction  of  a  piece  of  wood 
into  the  cranial  cavity.  We,  like  Dr  Fraser,  oflen  obtained 
strong  tetanus  from  the  subcutaneous  injection  of  atropia,  but 
found  that  his  dose  (from  yi^  to  tsVtt  of  the  weight  of  the 
frog)  usually  killed  our  animals  instead  of  producing  the  desired 
result.  With  a  smaller  dose,  however,  namely,  from  y^  to 
Tinnr,  we  were  more  successful.  The  tetanus  in  our  experimentfi 
commenced  earlier  than  in  Dr  Fraser's,  our  average  period  of 
onset  being  20  hours;  in  one  case  it  was  well  marked  in 
3  hours,  whilst  in  the  longest  delayed  it  was  28  hours.  With 
us,  too,  it  lasted  for  a  shorter  time,  for  in  one  animal  it  con- 
tinued only  eight  hours,  and  never  in  any  instance  exceeded  five 
days.  We  imagine  that  these  dififerences  are  due  to  the  time 
of  the  year  at  which  the  observations  were  made.  In  the  fol- 
lowing table  we  give  a  summaiy  of  these  experiments : — 

Table  I. 

Why  is  the  tetanus  so  long  delayed  after  atropia  poisoning  } 
One  writer,  referrii^  to  Dr  Fraser's  paper,  says  that  the 
paralysis  of  the  motor  nerves  prevents  the  tetanic  condition  of 
the  cord  from  displaying  itself  on  the  muscles,  but  Dr  Fraser 
himself  nowhere  makes  this  assertion,  and  indeed  his  cases 
prove  the  contrary. 

This  proffered  explanation  we  hold  to  be  erroneous  for  tha 
following  reasons : — 

L  Bezold  and  Bloebaum  have  shown  that  even  with  very 
large  doses  it  is  difficult  to  destroy  completely  the  ccHiducting 
power  of  the  motor  nerves,  and  it  is  obvious  that  as  long  as  their 
conductivity  is  in  the  smallest  degree  retained,  the  tetanic  condi- 
tion of  the  cord  must  produce  more  or  less  tetanus  of  the  muscles. 

II.  The  onset  of  tetanus  is  delayed  even  in  cases  in  which 
the  dose  of  atropia  is  so  small  as  to  produce  but  slight  paralysis, 
and  it  must  be  admitted  that  if  the  motor  nerves  are  capable  of 
conveying  voluntary  and  normal  reflex  impressions  they  can 
conduct  tetanic  reflex  stimuli.  Thus  in  many  of  Fraser's  cases 
there  was  never  complete  loss  of  reflex  and  voluntary  power 
during  the  period  which  elapsed  between  the  injection  of  the 
drug  and  the  onset  of  tetanus.  It  will  be  found  that  of  the 
cases  in  which  he  obtained  tetanus  there  were  twelve  in  which 
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the  paralysis  was  incomplete ;  that  in  seven  of  the  thirteen  in 
which  it  had  been  complete,  a  partial  recovery  of  reflex  and 
voluntary  power  had  taken  place  for  a  day  or  more  before  the 
onset  of  the  tetanus.  In  eleven  of  our  own  twenty-six  cases 
there  was  incomplete  paralysis  of  reflex  action  and  voluntary 
power,  and  in  all  these  cases  the  onset  of  tetanus  was  delayed. 
In  two  cases,  indeed,  both  voluntary  and  reflex  power  had  been 
completely  regained  before  the  tetanus  set  in.  In  one  case  in 
which  there  had  been  complete  paralysis,  it  began  to  improve 
five  and  a  half  hours  before  the  commencement  of  tetanus. 

III.  If  the  poison  be  prevented  from  having  access  to 
certain  limited  regions  by  ligature  of  the  nutrient  vessels,  the 
onset  of  tetanus  is  still  delayed  even  ia  these  protected  parts. 
Fraser  gives  an  account  of  four  experiments,  in  which  he  adopted 
this  mode  of  procedure.  In  three  he  tied  the  femoral  vessels, 
and  in  one  the  abdominal  aorta,  before  poisoning  the  animal, 
and  yet  tetanus  did  not  occur  in  tSie  protected  limbs  till  twenty- 
two  hours,  fifty-one  hours,  three  days,  and  twenty-two  hours 
respectively. 

We  have  tested  the  action  of  atropia  on  ten  pithed  and 
pegged  frogs,  in  which,  before  poisoning,  the  abdominal  aorta 
had  been  tied.  The  following  was  our  mode  of  procedure : — 
We  first  divided  the  medulla  by  cutting  through  the  occipito- 
atlantal  membrane,  and  then  passed  a  pointed  wooden  peg 
upwards  through  the  foramen  magnum  into  the  skull,  so  as  to 
destroy  the  brain.  We  then  placed  the  animal  on  its  back  on  the 
frog-board,  and  cut  through  the  abdominal  wall  on  one  side, 
usually  the  left,  taking  care  to  avoid  the  abdominal  vein. 
The  intestines  were  then  drawn  aside,  and  the  abdominal  aorta 
having  been  slightly  raised,  was  ligatured  just  above  its  bifurca- 
tion. The  waUs  of  the  abdomen  were  brought  together  by 
sutures,  and  when  the  animal  had  recovered  from  the  shock  of 
the  operation  we  injected  our  sulphate  of  atropia  solution  under 
the  skin  of  the  back.  At  the  conclusion  of  our  experiment  we 
always  ascertained  by  a  careful  post-mortem  examination  that 
the  vessels  had  been  securely  ligatured.  In  evQxj  instance  in 
which  more  than  two  or  three  drops  of  blood  were  lost,  the 
operation  was  deemed  unsatisfactory,  and  the  animal  rejected. 

We  give  the  results  of  these  experiments  in  the  following 
table : — 
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*  It  will  be  seen  from  the  table  that  in  the  three  cases  in 
which  we  obtained  tetanus  it  was  delayed  for  25  hours,  9  hours, 
and  4^  hours  respectively. 

In  seven  cases  we  tied  the  femoral  vessels  in  the  upper 
third  of  the  thigh.  Our  mode  of  procedure  was  as  follows : — 
We  pithed  and  pegged  the  animal  in  the  usual  way,  and  having 
placed  it  in  a  prone  position,  carried  an  incision  through 
the  skin  on  the  outer  side  of  the  thigh,  when  the  vein  coming 
into  view  was  readily  secured.  By  gently  separating  the  muscles 
the  artery  was  then  seen  and  was  tied  as  near  the  abdomen 
as  possible,  care  being  taken  not  to  touch  or  otherwise  injure 
the  nerve.  Finally  the  skin  was  brought  together  by  a  few 
suttires,  and  the  operation  was  complete.  In  these  cases  the 
fact  of  the  vessel  having  been  securely  ligatured  was  confirmed 
not  only  by  the  post-mortem  examination,  but  usually  by 
comparing  by  the  aid  of  the  microscope  the  condition  of  the 
circulation  in  the  webs  of  the  two  feet.  The  details  of  these 
experiments  are  given  in  Table  III. 

It  will  be  seen  from  the  foregoing  table  that  in  the  three 
cases  in  which  we  obtained  tetanus,  it  occurred  simultaneously 
in  the  two  legs.  In  two  cases  it  was  equal  in  d^ee  in  the 
two  legs,  and  in  the  third  case  it  was  stronger  in  the  poisoned 
than  in  the  unpoisoned  limb. 

We  conclude  then  for  these  reasons  that  the  late  occurrence 
of  tetanus  in  atropia  poisoning  is  not  due  to  paralysis  of  the 
motor  nerves,  but  that  it  is  owing  to  the  cord  being  slowly 
affected.  It  appears  that  whilst  the  poison  very  quickly 
paralyses,  it  takes  many  hours,  or  even  days,  before  it  te* 
tanizes. 

In  our  experiments  we  obtained  some  rather  unexpected 
results.  Thus  our  observations  lead  us  to  conclude  that 
atropia  paralyses  much  more  through  its  depressing  action  on 
the  spinal  cord  than  on  the  motor  nerves.  It  is  well  known 
that  considerable  difference  of  opinion  prevails  on  this  point, 
some  experimenters  attributing  the  paralysis  chiefly  to  the 
action  of  the  poison  on  the  motor  nerves,  and  others  to  its 
action  on  the  cord.  Eraser  in  his  article  ''  On  the  connection 
between  Chemical  Constitution  and  Physiological  Action," 
Part  II,  says,  atropia  "produces  paralysis  chiefly  by  affecting 
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the  motor  e^ntreer  and  eensoty  neiVes/'  and  our  obseryations 
confirm  thb  eonclnaion  in  respect  of  the  motor  centres  (spinal 
cord). 

Thus  in  the  experiments  we  have  recorded  in  this  piq^er, 
after  tjring  the  abdominal  aorta^  or  the  femoral  artery  and 
yeiiii  and  then  poisoning  the  animal,  we  found  that  pai^ysis 
set  in  as  early,  progressed  as  quickly,  and  became  as  eomplete 
in  the  ligatured  as  in  the  unligatured,  and  consequently 
poisoned  limb* 

It  occurred  to  us  that  perhaps  our  experiments  were  made 
at  a  different  time  of  yeas  to  those  performed  by  other  ob- 
servers, and  that  this  might  account  for  the  difference  in  our 
results.  Our  first  observations  were  made  in  May,  June  and 
July,  but  with  the  view  of  solving  the  point  we  repeated  many 
of  them  during  the  nK>nth  of  November.  We  tied  the  femoral 
artery  and  vein  of  the  right  leg  of  two  firogs,  and  then  poisoned 
them  by  injecting  sulphate  of  atropia  under  the  skin  of  the 
left  axilla.  To  one  we  gave  a  dose  too  small  to  produce 
complete  paralysis ;  to  the  other  a  much  lazger  dose,  namely 
half  a  grain,  which  caused  complete  paralysis  in  two  minutes. 
In  the  frog  to  which  the  small  dose  had  been  administered, 
both  posterior  limbs  were  almost  completely  paralysed,  but 
the  ligatured  limb  was  a  little  the  stronger  after  the  poisoning: 
In  the  frog  with  the  large  dose,  both  hind  limbs  were  abso- 
lutely paralysed  in  two  minutes.  We  feel  bound,  therefore,  to 
conclude  that  sulphate  of  atropia  paralyses  in  great  part  by  its 
action  on  the  spinal  cord. 

Does  atropia  exert  its  action  directly  on  the  cord,  or  only 
indirectly  through  its  influence  on  the  heart  and  circulation? 
Is  it  a  spinal  depressant,  or  are  the  phenomena  we  have 
witnessed  simply  due  to  its  action  as  a  cardiac  poison  ? 

Atropia  powerfully  depresses  the  heart,  slowing  or  even 
completely  arresting  its  action.  Even  in  cases  in  which  the 
number  of  pulsations  is  reduced  by  only  a  half  the  heart  does 
very  little  work,  for  on  examination  it  is  found  that  during 
diastole  it  becomes  but  slightly  distended  with  blood,  so  that 
the  circulation  must  be  in  reality  almost  at  a  standstilL  That 
such  is  the  case  is  also  shown  by  a  microscopic  examination  of 
the  web  of  the  foot,  when  the  blood  will  be  seen  to  be  either 
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^ationary,  or  to  be  fnoving  very  dowly  in  a  few  only  of  tbe: 
larger  vessels.  It  occurred  to  us,  this  effect  on  the  heart  and 
circulation  might  cause  the  paralysis  of  the  spinal  cord. 

Yulpion  found  that  ligature  of  the  aorta  just  above  the  heart 
suspended,  in  the  course  of  a  few  hours,  the  excitability  of  the 
cord,  and  soon  after  impaired  the  conductivity  c^the  motor  nerves. 
The  paralysis  from  atropia  poisoning,  however,  comes  on  very 
much  more  quickly  than  this,  a  circmnstance  which  at  first 
sight  appeared  at  once  to  solve  the  question,  and  to  show  that 
atropia  exerts  a  specific,  or  primary  action  on  the  cord.  It 
occurred  to  us,  however,  that  it  waa  not  improbable  that  in 
summer  when  nutrient  changes  in  frogs  are  performed  much 
more  rapidly  than  in  winter,  the  functional  activity  of  the 
cord  might  be  sooner  afiected  by  arrest  of  the  circulation. 
We  determined^  therefore,  to  repeat  Yulpian's  experiment  in 
a  modified  form.  We  tested  the  condition  of  reflex  action  and 
voluntary  movement  in  eight  frogs,  in  which  the  circulation 
bad  been  arredted  by  mechanical  means.  In  two  of  these 
cases  the  heart  was  cut  or  torn  out  from  the  chesty  and  in  the 
remaining  six  the  aort»  were  securely  ligatured  just  above 
thdur  origin  from  the  bulb.  The  latter  operation  was  per^ 
formed  as  follows : — The  animal  was  pithed  by  cutting  across 
the  medulla,  and  pushing  a  spigot  of  wood  through  the  foramen 
magnum  into  the  oranial  cavity.  When  the  effects  of  the 
shock  had  completely  passed  off,  we  pinned  the  (brainless) 
animal  down  on  its  back,  and  opened  the  thorax,  by  elevating 
the  lower  end  of  the  sternum  and  cutting  through  the  adjacent 
soft  tissues.  The  heart  was  then  seen  beating,  and  the  peri- 
cardium having  been  opened,  no  difficulty  was  experienced  in 
slipping  a  ligature  *  under  the  aortas  close  to  the  bulb,  and 
tying  them  simultaneously.  Finally,  the  sternum  was  replaced, 
and  the  edges  of  the  incision  were  brought  together  with  a  few 
sutures.  The  operation  was  usually  performed  in  a  very  few 
minutes,  and  in  most  cases  not  a  single  drop  of  blood  was  lost 
The  experiment  of  arresting  the  circulation  by  removing  the 
heart  was  even  simpler.  The  brain  having  been  destroyed  as 
before,  the  thorax  was  opened  by  one  cut  of  the  scissors  and 
the  heart  was  seized  in  the  forceps,  and  at  once  removed.  We 
may  mention  that  the  success  of  the  operation  was  confirmed 
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by  a  post-mortem  ezaxhination,  although  such  a  step  may 
hardly  appear  to  have  been  necessary. 

As  the  result  of  these  experiments,  we  found  that,  on  an 
average,  the  impairment  of  reflex  action  commenced  in  13 
minutes,  and  that  the  paralysis  was  complete  in  37  minutes. 
It  will  be  seen  that  our  results  differ  considerably  from  those  of 
Yulpian,  a  discrepancy  which  we  then  thought  might  possibly 
have  been  due  to  the  season,  and  the  condition  of  functional 
activity  of  the  frogs,  although  our  subsequent  experiments  have 
shown  that  such  is  not  the  case.  As  our  experiments  on  circu- 
lation were  made  at  the  same  time,  and  under  identically  the 
same  conditions  as  our  observations  on  atropia,  they  are  ob- 
viously the  best  fitted  lor  purposes  of  comparison. 

By  reference  to  the  table  (Table  II.)  giving  the  results  of 
poisoning  by  atropia  in  frogs  in  which  the  lower  limbs  had 
been  protected  by  ligature  of  the  abdominal  aorta,  it  will  be 
seen  that  in  four  of  these  cases  loss  of  reflex  action  was  com* 
plete  on  an  average  in  38  minutes.  These  results  accord  in 
the  most  striking  mann^  with  those  already  described  as  re- 
sulting, from  the  mechanical  arrest  of  circulation,  and  they 
might  be  considered  to  afford  a  strong  proof  that  the  cardiac 
action  of  atropia  is  sufficient  to  accoimt  for  the  paralysis  of  the 
cord  produced  by  this  drug.  Such,  however,  is  not  the  case,  for 
on  examining  the  .table  it  will  be  found  that  our  experiments 
are  in  some  respects  unsatisfactory.  The  dose  of  atropia  ad- 
ministered was  small,  so  small,  in  fact,  that  in  two  cases  the 
paralysis  was  never  complete.  It  was  therefore  obviously  neces- 
sary to  ascertain  whether  larger  doses  would  not  produce  com- 
plete paralysis  in  a  shorter  time.'  The  experiments  necessary 
for  the  elucidation  of  this  point  were  made  in  November,  ssA 
the  opportunity  was  taken  of  instituting  a  series  of  comparative 
observations  with  the  view  of  determining  the  effects  of  me- 
chanical arrest  of  circulation  in  producing,  complete  paralysis  in 
brainless  frogs.  These  results  ai^e  given  in  the  accompanying 
table: —  •  ..     v 
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TABLE  in. — PUhed  and  Pegged  Frogs  poisoned  wUh  Atropia. 


1 

Weight  of 
frog. 

Amount  in 
grains  of 

Btdphate  of 
atropia. 

Proportionate 
dose. 

Paralvsis 
complete. 

Nov.  29 

20  grammes 

24        „ 
30       „ 

20       „ 

f 
J 

T 

15^4  8 

m:5 

2  minutes 
4  minutes 
9  minutes 

3  minutes 

Average 

4*5  minutes 

Tabk  shounng  the  effect 


Nov.  29 


^  mechcMieal  arreet  of  oirotdation  in  pithed 
and  pegged  Jrogs. 

24  minutes 
55  minutes 
24  minutes 


Average     34  minutes 


In  these  observations,  sulphate  of  atropia  caused,  on  an 
average,  complete  paralysis  in  4*5  minutes,  whilst  mechanical 
arrest  of  the  circulation  required,  on  an  average,  34  minutes. 
In  the  first  of  the  atropia  cases  recorded  in  this  table,  we  tied 
the  femoral  vessels  before  poisoning,  and  yet  the  paralysis  be- 
came complete  in  both  posterior  limbs  in  2  minutes. 

We  conclude,  then,  that  atropia  has  a  direct  paralysing 
action  on  the  cord,  and  does  not  affect  it  through  its  depressing 
action  on  the  circulation. 

«  -In  a  paper  in  the  volume  of  the  Medvco-Chirurgical  Trans" 
actions  for  1876,  we  have  endeavoured  to  show  that  tetanus  is 
"hot  due  to  stimulation  or'aii  excited  condition  of  the  cord,  but 
to  a  diminution  or  loss  of  resistive  force  in  the  reflex  portion  of 
ihe  cord.  This  resistive  force  localizes  the  impressions  conveyed 
through  the  nerves  to  the~  central  nervous  system,  and  when  it 
is  destroyed  an  impression  can  diffuse  itself  throughout  the  cord 
and  produce  a  general  evolution  of  force;  which  being  conveyed 
by  all  the  motor  nerves  to  every  muscle,  produces  tetanus. 
/      We  believer  that  the  action  of  atropia  confirms  this  view,  or 
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at  least  is  strongly  opposed  to  the  current  notion  that  tetanus  is 
due  to  an  excited  condition  of  the  cord.  Thus  atropia^  we 
believe,  depresses  the  cord  very  powerfully.  The  resulting 
paralysis,  which  after  moderate  doses  passes  off  in  the  course  of 
a  few  hours,  is  followed  by  tetanus,  sometimes  in  twenty-four 
hours,  and  at  others  much  later.  Now  it  appears  to  us  almost 
inconceivable  that  a  remedy  should  first  paralyse  the  cord  and 
then  many  hours  later  stimulate  it.  It  may  be  urged  that  this 
delay  in  the  appearance  of  the  tetanus  depends  on  the  primary 
depression  of  the  cord,  and  that  the  tetanus  cannot  occur  till 
the  paralysis  has  disappeared.  This  objection  is  obviously 
insufficient,  for  after  a  small  dose  of  atropia  the  partial  paralysis 
ceases  in  a  few  hours,  or  even  in  an  hour,  and  the  animal  then 
seems  quite  well,  but  nevertheless  the  tetanus  is  delayed  for 
twenty-four  or  more  hours.  Again,  if  this  explanation  is  true, 
then  the  tetanus  should  never  occur  till  the  paralysis  has  dis- 
appeared, but  this,  though  generally  true,  is  not  always  the  case, 
especially  in  frogs  pithed  and  pegged  before  poisoning ;  for  in 
these  animals  it  often  happens  that  paralysis,  though  far  from 
complete,  continues,  and  after  some  hours  tetanus  supervenes, 
at  first  very  slight,  so  that  a  strong  irritation  excites  tetanus, 
but  a  weaker  irritation  a  coordinated  reflex  act  If  tetanus 
depends  on  a  stimulated  condition  of  the  cord,  coordinated 
reflex  acts  should  improve  on  the  onset  and  with  the  increase 
in  the  amount  of  tetanus,  but  in  reality  the  very  reverse 
happens,  for  as  tetanus  grows  stronger,  coordinated  reflex 
action  simultaneously  grows  weaker  and  weaker. 

Again,  when  unmutilated  frogs  made  tetanic  with  atropia 
die,  the  tetanus  continues  to  the  last,  growing  weaker  ancl 
weaker.  This  is  still  better  seen  in  pithed  and  pegged  frogs, 
for  in  them  the  tetanus  also  continues  till  all  reflex  action 
ceases.  Now  if  tetanus  depends  on  a  stimulated  condition  of 
the  spinal  cord,  it  is  obvious  that  as  the  cord  gradually  dies  and 
consequently  its  functions  become  depressed,  tetanus  should 
cease,  and  give  way  to  normal  coordinated  reflex  action,  but  this 
does  not  happen ;  for  on  the  contrary  the  tetanus  grows  weaker 
and  weaker,still  however,  persisting  until  all  reflex  action  becomes 
extinct  We  have  thus  in  atropia  a  drug  that  in  large  doses  pro- 
duces in  pithed  and  pegged  frogs  progressive  loss  of  power  in  the 
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cord,  then  after  24  or  more  hours  tetanus  sets  in,  which  gradually 
iuereases  in  severity,  coordinated  reflex  action  simultaneously 
declining.  We  have,  indeed,  according  to  prevailing  views  a 
drug  which  paralyses  the  cord,  and  then  after  many  hours  the 
paralysis  continuing  or  progressing  it  stimulates  the  cord. 

When  the  paralysis  is  only  slight,  or  when  the  animal 
completely  recovers  from  it,  then  tetanic  contractions  of  the 
muscles  far  exceed  the  amount  of  muscular  action  occurring  in 
a  natural  coordinated  reflex  act;  that  is  to  say,  during  the 
tetanic  paroxysm,  there  occurs  a  far  greater  discharge  of  nervous 
force  in  the  cord  than  occurs  in  a  normal  coordinated  reflex  act, 
and  this  fact  might  be  thought  sufficient  to  justify  the  term 
stimulation  of  the  cord.  We  have,  however,  already  shown  else* 
where  that  this  view  is  probably  incorrect. 

When  the  paralysis  is  considerable  and  continues  till  the 
tetanus  supervenes,  the  tetanic  contractions  are  slight  and 
the  discharge  of  nervous  force  in  the  cord  is  probably  less  than 
occurs  in  a  natural  coordinated  reflex  act,  and  we  have  then 
paralysis  with  weak  tetanua  The  explanation  of  this  combina^ 
tion  is  that  atropia  paralyses  the  reflex  function  as  well  as  the 
resistive  power  of  the  cord.  The  paralysis  of  the  reflex  function 
of  course  weakens  reflex  action,  whilst  the  paralysis  of  the 
resistive  power  allows  a  stimulus  to  spread  throughout  the  reflex 
region  of  the  cord,  and  hence  every  muscle  becomes  contracted 
and  tetanus  is  produced ;  but  as  the  reflex  function  jb  depressed 
the  tetanus  is  weak. 

In  atropia  we  have  a  drug  which  quickly  paralyses  the  reflex 
function  of  the  cord,  but  requires  a  much  longer  time  to 
diminish  the  resistive  power  of  the  cord ;  hence  paralysis  precedes 
and  may  even  disappear  some  hours  before  the  onset  of  tetanus. 
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Condition  of  the  blastodermic  layers,  as  shown  by  transverse 

sections. 

a.  Region  of  the  aUantoid  projection. — ^At  the  posterior 
part  of  the  embryo,  in  the  region  of  the  allantoid  projection, 
two  only  of  the  blastodermic  layers  are  seen — the  hypoblast 
and  mesoblast.  The  mesoblast  forms  a  strongly  marked  thick- 
ening, composed  entirely  of  the  loosely  arranged  cells,  character- 
istic of  the  middle  layer,  ivith  numerous  hollowed-out  spaces 
and  canals  amongst  the  cells.  These  spaces  and  canals  are  no 
doubt  developing  blood-vessels,  but  at  present  they  have  no 
blood-corpuscles  in  their  interior,  differing  thus  from  the  blood- 
vessels which  are  forming  in  the  parietal  mesoblast  (see  former 
part),  and  agreeing  with  certain  vessels,  afterwards  to  be  no- 
ticed, which  are  developing  in  the  mesoblast  of  the  anterior 
region  of  the  embryo.  The  hypoblast  is  formed  of  a  single 
layer  of  the  large,  columnar,  vacuolated  cells  previously  de- 
scribed and  figured:  it  passes  smoothly  over  the  mesoblast 
without  extending  at  all  into  the  aUantoid  projection. 

b.  At  the  hinder  end  of  the  epibUistic  or  amniotic  vesicle. 
Region  of  the  primitive  groove, — As  was  clearly  stated  by 
Bischoff,  and  has  been  pointed  out  in  the  previous  part  of 
this  paper,  the  epiblast  forms  a  distinct  closed  vesicle  at  that  pole 
of  the  ovum  which  is  farthest  from  the  attachment  to  the  uterus 
(Plate  XI.  fig.  5,  e.  v.).  The  vesicle  is  of  an  elongated  lenticular 
shape,  its  roof  or  embryonic  part*  being  composed  of  chai-acter- 
istic  epiblastic  cells,  two  or  three  deep  near  the  mesial  line  but 
thinning  off  towards  the  sides ;  its  floor  of  but  a  single  stratum 
of  flattened  cells,  fusiform  in  section,  and  in  contact  below  with 

^  The  gninea-pig  embryo  beiiig,  bo  to  speak,  developed  npsido  down,  the 
langnnge  of  the  description  is  modified  accordingly. 
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a  similar  layer  of  mesoblastic  cells ;  the  two  together  formings 
as  seen  already  in  the  longitudinal  sections  (Vol.  X.  Plate  xxx. 
fig*  3),  the  amnion,  am.  At  the  hinder  end  of  this  vesicle 
the  epiblast  therefore  first  makes  its  appearance  in  the  trans- 
verse sections,  forming  a  closed  ring  (Plate  x.  fig.  1).  The 
lower  part  of  the  ring  is  a  simple  layer  of  flattened  cells — the 
amniotic  epiblast ;  from  the  margin  of  this  the  epiblast  gradually 
becomes  thicker  as  it  is  traced  inwards,  and  at  the  centre  of 
the  upper  part  of  the  ring,  corresponding  with  the  axis  of  the 
embryo,  there  is  a  distinct  indentation,  the  section  of  the  primi- 
tive groove,  J9.  jr.  At  the  groove,  the  epiblast,  much  thickened 
and  composed  of  closely  packed  small  rounded  cells,  extends 
towards  the  hypoblast,**  and  on  either  side  is  continued  into  the 
mesoblast.  According  to  the  ordinary  mode  of  viewing  the 
relations  of  the  blastodermic  layers  in  this  region  it  might  be 
stated  that  the  epiblast  and  mesoblast  become  fused  together 
opposite  the  primitive  groove,  but,  as  will  immediately  be 
pointed  out,  the  tissue  which  extends  from  the  primitive  groove 
to  the  hypoblast  must,  strictly  speaking,  be  looked  upon  as  purely 
epiblastic,  and  it  is  only  on  either  side,  and  probably  also  pos- 
teriorly, that  there  is  a  continuation  of  this  epiblast  into  the  me- 
soblast. The  appearances  observed  can  best  be  explained  on  the 
supposition  of  the  formation  of  the  mesoblast  by  an  outgrowth 
from  the  axial  thickening  of  the  epiblast.  This  supposition, 
which  nearly  coincides  with  the  view  recently  enunciated  by 
Kolliker  as  to  the  development  of  the  middle  layer  of  the  blas- 
toderm, is  strengthened  by  observations  which  I  have  myself 
made,  and  which  will  afterwards  be  referred  to.  The  hypoblast, 
in  sections  from  this  region,  forms  as  before,  a  simple  layer, 
easily  becoming  detached,  and  composed  throughout  of  a  single 
stratum  of  flattened  cells. 

c.  Region  immediately  in  front  of  the  primitive  groove. — A 
little  in  advance  of  the  part  from  which  the  section  just  described 
is  taken  the  primitive  groove  disappears,  and  is  succeeded  by 
a  region  in  which  there  is  a  slight  thickening  in  the  middle 
line,  the  thickening  being  bounded  by  a  shallow  groove  on 
either  side,  and  terminating  anteriorly  by  a  pointed  extremity, 
the  lateral  grooves  at  the  same  time  converging  and  uniting  to 
form  the  medullary  or  neural  groove.    The  axial  thickening  is 
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what  remains  of  the  anterior  end  of  the  primitive  streak,  and  it 
is  here  that  in  the  successive  sections  a  very  remaikable  change 
can  he  traced  in  the  relations  of  the  blastodermic  layers. 

In  the  posterior  part  of  the  region  in  question  the  layers 
have  the  same  relation  the  one  to  the  other  as  in  the  region  of 
the  primitive  groove  (Plate  X.  figs.  2  and  3).  The  hypoblast 
passes  over  the  others  as  a  distinct,  easily  separable  membrane, 
composed  of  flattened  cells;  the  axial  epiblast  presents  » 
considerable  thickening,  which  reaches  the  hypoblast  without 
blending  with  it,  and  is  continued  without  any  distinct  line  of 
demarcation  into  the  mesoblastic  tissue  on  either  side.  But 
the  axial  tissue  is  now  cbvioxtsly  epiblastic  in  ai^>earance,  ia 
spite  of  its  connexion  with  the  epiblast  being  rather  more 
limited  than  in  the  previous  sections.  And  a  very  .little  way 
further  in  advance  (fig.  4)  a  line  of  demarcation  begins  to  be 
traceable  between  it  and  the  mesoblast  on  either  side— on  the 
one  side  apparently  a  trifie  sooner  than  on  the  other,  so  that  in 
the  succeeding  sections  (fig.  5,  PL  x. ;  fig.  1,  PI.  xi.)  th^:e  is 
no  longer  any  connexion  between  the  two  layers,  the  meao- 
blast  being  sharply  marked  off  on  either  side  from  the  axial 
thickening  of  the  epiblast.  It  is  seen,  however,  that  the  same 
axial  thickening  with  which  in  the  posterior  sections  the  meso- 
blast was  continuous  on  either  side,  and  from  which  it  is  pro- 
bable, as  before  mentioned^  that  the  mesoblast  was  formed  by 
lateral  outgrowth  and  expansion,  now  not  only  comes  into  close 
connexioin  with,  but  is  actually  fused  with  the  hypoblast  (fig.  1, 
PL  XI.),  which  at  this  place  no  longer  easily  falls  away  from 
the  other  layer  as  before,  but  is  not  even  separable  by  mechatti* 
cal  traction.  The  axis  of  the  embryo,  therefore,  is  here  occupied 
by  a  continuous  column  of  cells  (/),  which  inseparably  ccmnect 
the  epiblast  and  hypoblast,  and,  traced  from  behind  forwards, 
would  appear  to  be  chiefly  of  epiblastic  origin.  They  are  small, 
round,  and  dosely  packed,  and  become  stained  strongly  with 
haematoxylin.  They  have  obviously  no  longer  any  connexion 
with  the  well-characterized  mesoblastic  tissue  on  either  side. 

Examined  yet  a  little  more  anteriorly  (PL  x.  figs.  6  and  7), 
the  fused  axial  colunm  is  somewhat  broader,  and  at  either  side, 
immediately  opposite  or  above  the  rootlets  of  the  neural  groove, 
a  faint  line  of  demarcation  is  beginning  to  be  traceable  be- 
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tween  epi-  and  hypo-blast  (fig.  7).  But  quite  in  the  middle 
line  the  fusion  is  still  complete,  and  there  is  here  seen  in  the 
sections  a  nest  of  small  cells  (fig.  2,  Plate  xi.)  not  readily  as- 
signable to  either  epi-  or  hypo-blast,  but  bounded  laterally  by 
the  differentiated  parts  of  both.  This  oentrai  group  of  cells 
I  was  at  first  inclined  to  regard  as  forming  the  rudiment  of  the 
notochord  (see  previous  part,  p.  777),  and  indeed  this  may  after 
all  prove  a  correct  supposition.  But  considering  that  most 
previous  observers  describe  the  development  of  the  notochord 
as  commencing  at  the  anterior  end  of  the  embryo  and  proceed*- 
ing  backwards,  whereas  according  to  the  other  view  it  would 
be  necessary  to  assume  for  the  chorda  a  growth  forwards  un- 
derneath the  neural  groove  from  the  end  of  the  primitive 
streak;  considering  also  that  nearly  all  the  more  recent  ob- 
servations^ point  to  the  conclusion  that  the  notochord  arises 
from  a  thickening  of  the  hypoblast  simply  without  participa- 
tion of  epiblast  (or  of  mesoblast),  it  would  seem  on  the  whole 
a  more  rational  view  to  regard  the  group  in  question  as  a  por- 
tion of  the  fused  axial  column,  the  cells  of  which  by  a  con- 
tinuation from  each  side  of  the  line  of  demarcati(m  above  men- 
tioned will  eventually  belong  to  one  or  other  of  the  two  layers 
(epi-  or  hypo-blast). 

Assuming  then  that  the  axial  fusion  of  epiblast  and  hypo* 
blast  in  this  region  of  the  embryo  has  some  other  meaning  than 
the  formation  of  the  notochord,  the  purpose  which  it  may  sub- 
serve is  by  no  means  clear.  Traced  backwards  the  fused  axial 
tract  is  no  doubt  continuous  in  great  part  with  the  epiblastie 
thickening  from  which  the  mesoblast  appears  to  grow,  and  it 
might  be  supposed  that  in  this  way  hypoblastic  elements  might 
concur  with  the  epiblastie  in  the  formation  of  the  mesoblast^ 
But  it  must  at  the  saa>e  time  be  borne  in  mind  that  at  the 

^  Balfour,  *  Dovelopment  of  Elftsmobraneh  FiBhes,'  in  Quarterly  Journal  of 
Microscopical  Science,  Oct.  1874,  and  in  tMs  Jouznal  for  July,  1876,  p.  683^ 
and  Hensen,  Enttoickehing  des  Kaninchm$  und  Meerschweinchenif  in  ZeiUchr,  /. 
AnatomU  u.  Entipiekehmatgesehiehte,  Bd.  i.  EaDiker  {EnttnckeltmgigstehichU: 
2te  Auflage)  adopts,  it  is  trae,  a  dififerent  view  of  the  develcmment  of  the 
notochord  from  that  of  Btdfonr  and  Hensen,  ascribing  to  it  a  mesoblastio  origiit; 
but  regarding  merely  the  delineations  he  gives  of  his  own  preparations,  it  is 
difficult  to  understand  how  the  inferences  drawn  from  them  could  have  differed 
80  materially  from  the  statements  of  the  other  observers.  Dr  A.  Sohulz  in  a 
paper  received  since  tiie  above  description  was  written  {Arch,  /.  Mier,  Anat, 
3d.  xni.  Heft  1)  describes  a  complete  fusion  of  epiblast  and  hypoblast  in 
Slasmobrandiis  and  connects  the  fusion  with  the  origqi  of  the  notochord,    - 
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part  where  the  fusion  of  epiblast  and  hypoblast  is  complete, 
there  remains  no  connexion  whatever  between  the  axial  column 
and  the  mesoblast 

d.  Region  of  the  neural  groove  or  proper  embryonic  region. — 
Immediately  in  front  of  the  part  just  considered^  the  nenral 
groove  (PL  x.  fig.  8 ;  PL  XL  fig.  3,  n.  g.)  begins  to  make  its 
appearance  in  the  middle  line  as  a  wide  shallow  depression 
formed  by  the  blending  of  the  two  grooves  which  were  seen 
one  on  either  side  of  the  axial  prominence  of  the  preceding 
region.  Here  the  differentiation  of  the  epiblast  and  hypoblast 
is  complete,  and  there  is  a  distinct  straight  line  of  demarca- 
tion between  the  two)  layers,  which  are  nevertheless  in  close 
contact,  and  continue  b6  along  the  whole  extent  of  the  neural 
groove.  The  mesoblast' on  the  other  hand  remains  as  before 
completely  markejd  off  on  either  side  of  the  r^on  of  contact 
of  epi-  and  hypo-blast ;  ifiere  is  no  myoblast  whatever  in  the 
CUM  of  ihs  embryo.    *        '    *  .'^-    '.    .    .     >  .  ;  u»u  'V^    •    • 

Following  the  sections  forwards  more  and  inore  (PL  x  figs.  9, 
10, 11)  we  find  the  neural  groove  becoming  ^praklixMly  deeper 
apd  narrower,  and  the  epiblast  which  bounds^  it  considerably 
increased  in  thiokness. .  Where  it  passes  over  the  lateral  sheets 
of  mesoblast  the  epil^last  is  about  two  or  three  cells  deep,  and 
maintains  its  cha?ac1^]^9tic  ^app^rance,  but  quite  at  the  side 
it  becomes  thinner  ahd^isnditninished  eventually  to  a  single 
layer  of  cells,  which,  becoming  shorter  and  more  flattened, 
pass  round  to  form  the' inner  layer  of  the  amnion  (as  seen 
also  in  longitudinal  section).  .'.      '.    ■ 

In  the  sections  of  the  anterior  part  of  the  embryonic  region 
(fig.  11,  PL  X.)  the  epiblast  on  either  side  is  seen  to  be  separated 
at  one  place  by  (coagulated)  fluid  from  the  mesoblast*.  This 
appearance  corresponds  with  that'  previously  seen  in  the  sur&ce 
view  of  the  embryo  and  which  was  there  termed  the  head-fold 
(VoL  X.  PL  XXX.  fig,  2,  A/.),  but  which  it  would  be  more  correct 
to  term  the  anterior  limiting  fold  of  the  blastoderm.  JX  is  com- 
posed wholly  of  epiblast  without  any  mesoblastic  tissue. 

The  axial  hypoblast  (PL  xi.  figs.  3,  4,  a.hy  consists  of  a 

^  This  fluid  is  in  reality  oolleoted,  not  between  the  epi-  and  meoo-Uast^  but 
between  the  epiblast  and  a  homogeneoas  membrane,  whioh  in  other  parts  is  in 
01096  contact  with  the  epiblast  and  limits  it  towards  the  mesoblast.    ^ 
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single  hijer  of  oolumnar  cells  not  very  unlike  the  epiblastic 
cells  (a.  e.)  with  which  they  are  in  contact  (or  nearly  so).  At 
the  posterior  part  of  the  embryonic  region  the  layer  is  thickest, 
and  it  gradually  becomes  thinner  as  the  sections  are  followed 
forwards,  but  the  cells  keep  their  columnar  character  along- 
almost  the  whole  extent  of  the  neural  groove.  They  are 
bounded  above  and.  below  by  even  lines ;  but  at  the  sides  the 
hypoblast  curves  upwards  to  enclose  the  mesoblast,  forming 
an  angle  with  the  axial  part,  and  the  columnar  cells  become 
gradually  shortened  into  the  ordinary  flattened  hypoblastic  cells. 
This  angle  is  partly  occupied  by  a  group  (as  seen  in  section)  of 
two  or  three  small  flattened  cells  which  extend  a  short  distance 
over  the  axial  part  of  the  hypoblast  (Plate  xi.  fig.  4, a.  h').  The 
arrangement  of  the  hypoblast  is  on  the  whole  very  similar  to' 
that  described  by  Balfour'  in  Elasmobranch  fishes  as  the  first 
stage  which  the  hypoblast  passes  through  when  about  to  give 
origin  to  the  notochord,  and  it  is  possible  that  the  thickening 
of  the  axial  hypoblast  in  the  guinea-pig  embryo  may  have 
a  similar  object.  But  Balfour  describes  the  thickening  in 
Elasmobranchs  as  being  most  marked  anteriorly,  whereas  in 
this  case  the  hypoblast  is  thicker  at  the  posterior  part  With 
the  exception  of  this  axial  thickening  of  the  hypoblast,  which 
may  or  may  not  be  concerned  with  the  formation  of  a  note* 
chord,  there  is  no  trace  of  such  a  structure  to  be  seen.  The 
hypoblast  passes  round  at  the  sides,  in  the  manner  already 
described,  to  form  the  external  investment  of  the  ovum. 

The  mesoblast  along  the  whole  extent  of  the  neural  region 
is  completely  differentiated  firom  the  other  two  layers,  and 
quite  characteristic  in  appearance.  The  lateral  sheets  are 
separated  throughout  from  one  another  by  the  junction  of 
epiblast  and  hypoblast  at  the  neural  groove.  The  mesoblast 
forms  an  unbroken  layer  on  each  side  as  far  as  the  attachment 
of  the  amnion,  where  it  splits  into  two,  as  before  described,  one 
following  the  epiblast  over  the  amnion,  the  other  lining  the 
parietal  hypoblast  The  cells  of  the  mesoblast  are  much  more 
loosely  and  -  irregularly  arranged^  than  those  of  the  other  two 
layers,  and  they  appear  many  of  them  to  possess  fine  branches. 
Two  variations  from  the  general  uniformity  of  appearance  of 

*  Loc.  cit, 
VOL.  XI.  22 
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this  layer  may  be  noticed.  One  of  these  consists  in  a  much 
looser  condition  of  the  tissue,  with  small  clear  round  spaces, 
like  those  seen  in  the  sections  of  the  allantoic  This  appear- 
ance is  to  be  seen  in  sections  from  near  the  middle  of  the 
embiyo  at  a  part  of  the  mesoblast  a  short  distance  from  the 
axis  and  quite  dose  to  the  hypoblast.  It  is  perhaps  a  place 
where  blood-vessels  are  becoming  developed. 

The  other  appearance  is  observed  near  the  anterior  end  of 
the  embiyo,  quite  at  the  sides,  and  in  a  part  where  the  meso- 
blast is  only  about  two  layers  of  cells  thick.  A  split  begins  to 
appear  here  between  the  mesoblastic  cells.  Traced  forwards  in 
the  sections  the  split  (which  is  bridged  across  by  fine  threads) 
widens  out  to  a  fusiform  cleft  (PL  x.  fig.  11,  sp),  and  still  further 
forwards  it  becomes  (sooner  on  one  side  than  on  the  other) 
a  well-defined  comparatively  large,  clear,  circular  aperture  (sp), 
bounded  by  a  layer  of  cubical  cells.  It  is  impossible  to  speak 
with  certainty  as  to  the  nature  of  the  canals  which  are  thus 
becoming  formed,  but  it  seems  probable  that  they  are  the  com- 
mencing omphalo-mesaraic  heart-rootlets* 

Quite  at  the  anterior  end  of  this  region  the  neural  groove 
becomes  abruptly  shallow  and  then  ceases.  Just  before  its 
complete  disappearance  there  is  a  folding  or  pitting  inwards  of 
all  the  layers  (Plate  x.  fig.  13),  but  even  here  there  is  still  no 
mesoblast  at  the  axial  part. 

e.  In  the  region  altogether  cmterior  to  the  neural  groove  the 
three  layers  are  to  be  seen  at  the  axis  as  elsewhere,  the  meso- 
blast having  united  across  the  middle  line  (PL  X.  fig.  14),  A 
little  way  in  front  of  the  groove  there  is  a  slight  thickening 
of  the  epiblast  on  each  side,  passing  in  more  anterior  sections 
into  a  median  prominence,  but  this  soon  disappears,  and  the 
layers  are  smooth  over  the  small  remainder  of  the  region  covered 
by  the  amnion. 

General  consideraiions  as  to  the  relaliona  of  the  blastodermic 
layers.    Meaning  of  the  primitive  groove^ 

Professor  His,  in  his  large  work  on  the  development  of  the  chick, 
described  the  two  primary  layers  of  the  blastoderm — the  epiblast  and 
hypoblast — ^both  before  and  also  a  short  time  after  the  formation  of 
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the  meaoblast,  as  closely  united  in  the  mesial  line  of  the  blastoderm 
into  a  longitudinal  mass  of  cells  (chiefly  derived  from  the  epiblast), 
to  which  he  gave  the  name  of  Axerutrang  (axis  cord)'.  It  is  this 
uniting  mass  running  along  the  longitudinal  axis  of  the  bkstoderm 
'which,  according  to  His,  produces  the  appearance  of  a  dim  streak 
down  the  middle  of  the  area  pellucida,  which  has  long  been  known 
as  the  primitive  streak,  but  to  which  His  applied  the  term  Axen- 
streif.  At  a  somewhat  later  stage,  when  the  primitive  groove  has 
become  formed  along  the  centre  of  this  streak  in  the  posterior  part  of 
the  blastoderm,  it  is  seen  that  the  AxenHrcmg  is  prolonged  for  a 
certain  distance  in  front  of  the  primitive  groove.  This  prolongation 
is  termed  by  His  the  anterior  axial  process  (AxenfortscUz),  As  it  is 
traced  forwards  the  connexion  between  epiblast  and  hypoblast  be- 
comes severed,  or,  as  stated  by  His,  the  AxenstraTtg  becomes  de- 
tached from  the  epiblast  and  continued  into  the  central  thickened 
part  of  the  hypoblast. 

The  view  of  His,  with  regard  to  the  union  of  epiblast  and 
hypoblast  in  the  middle  line,  has  not  been  adopted  by  other  ob- 
servers, with  the  exception  of  Waldeyer'.  The  term  Axenatrang  has 
served,  when  used  at  all  by  others,  to  denote  the  part  of  the  mesoblast 
which  is  fused  in  the  middle  line  with  the  epiblast,  or,  as  Kolliker 
pats  it,  the  thickening  of  the  axial  epiblast  from  which  the  mesoblast 
is  produced,  and  it  has  for  the  most  part  been  altogether  denied 
that  the  hypoblast  takes  any  part  in  its  production.  An  attempt 
has  even  been  made  to  refer  the  observations  of  His  as  to  the 
existence  of  a  blending  of  the  epi-  and  hypo-blast  to  faulty  methods 
of  preparation*,  but  an  argument  of  this  sort  can  hardly  be  permitted 
easily  to  nullify  the  matter-of-fact  statements  of  an  experienced 
observer.  For  the  rest^  the  illustrations  given  by  His  are  obviously 
fidthful  representations  of  the  objects,  as  Kolliker  himself  seems  dis- 
posed to  admits  and  in  this  respect  there  is  very  little  wanting  in 
the  deamess  with  which  in  some  of  the  sections  the  blending  of  the 
epi-  and -hypo-blast  in  the  Asoenstrcmg  is  shown^ 

The  prolongation  of  the  primitive  streak  in  front  of  the  primitive 
groove  (the  Aacen/ortscUz  of  His)  was  observed  first  by  Dursy,  and  has 
since  been  noticed  more  particularly  by  Waldeyer,  Gotte,  and  Kolli- 
ker*.    By  all  it  is  regarded  either  as  the  anterior  part  of,  or  as  a 

^  See  ftlBO  Bathke  (quoted  by  His),  Entwiekl  d,  Wirhelthiere,  p.  20. 

*  Waldeyer,  Ueber  d.  Ketmbl&tter  u.  d.  PrimiHvstreifen  bet  der  EntuncJd,  dee 
HUhnerembryOf  Zeitsehr,  /.  rat.  Med,  1869. 

>  EoUlker  {loe.  eit.  page  102)  ascribes  the  results  to  the  employment  of 
oemio  acid ;  whereas  Balfour  (Quarterly  Journal,  1874,  p.  841)  lauds  this  reagent 
as  showing  in  a  distinct  manner  the  line  of  separation  between  the  two  layers, 
and  condemns  chromic  acid  specimens,  the  examination  of  which  "  might  pos- 
sibly lead  to  the  supposition  that  a  structure  similar  to  that  which  has  ^n 
oalled  the  axi$-eord  was  present." 

4  In  some  of  the  deductions  drawn  by  His,  the  same  confidence  cannot  so 
freely  be  placed  as  in  his  delineations;  for  example,  in  the  statonents  as  to  the 
formation  of  the  mesoblast,  and  as  to  the  development  of  the  protovertebrie, 
ehorda  and  other  parts  from  the  Axen$trang» 

»  GStte,  Arehiv  f.  Micr.  AnaU  Vol.  x.  1874;  Dursy,  Der  Primitivstreif  de$ 
BUhnehens,  1867;  KoUiker,  loe.  eit.  pp.  107,  135;  Waldeyer,  loe.  cit. 
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growth  forwajtis  of^  the  prunitive  streak  (or  rather  the  thickening  to 
which  the  appearance  of  a  primitiye  streak  is  due),  and  the  first 
three  of  the  above-mentioned  observers  refer  to  it  the  production  of 
the  notochord  (cephalic  part,  Waldejer).  Kolliker,  on  the  other 
hand,  who  terras  it  the  cephalic  process  (Kopf-fortmUi)  of  the  primi- 
tive streak,  is  of  opinion  that  it  plays  an  important  part  in  the 
formation  of  the  head  of  the  embryo,  but  is  by  no  means  clear  with 
regard  to  its  precise  destination.  He  regards  it  as  a  part  of  the 
mesoblast,  and,  like  the  rest  of  that  layer,  a  product  of  the  primitive 
streak,  but  is  compelled  to  admit  that,  as  G5tte's  delineations  also 
clearly  show,  it  is  differentiated  off  from  the  mesoblast  on  either 
side. 

What  then  is  to  be  inferred  from  a  consideration  of  these  various 
statements,  especially  with  reference  to  the  nature  of  the  fused  tract 
of  axial  epiblast  and  hypoblast  in  the  guinea-pig  embryo?  It  masft^ 
in  the  first  place,  be  pointed  out  that  His  has  confounded  two  dis- 
tinct appearances  under  the  name  of  AxeTiatrang^  as  a  reference  to  his 
figures  plainly  shows.  He  applies  the  term  both  to  the  fusion  of 
epiblast  and  hypoblast  which  first  occurs,  and  to  the  fusion  of  epi- 
blast and  mesoblast  which  is  represented  as  subsequently  taking 
place.  Other  observers  have  confined  the  term  to  the  latter  con- 
dition, and  have  altogether  denied  the  former.  I  have  already  given 
reasons  why  credence  should  be  awarded  also  to  the  existence  of  this 
former  condition.  And  the  probability  of  such  fusion  at  an  early 
period  is,  in  my  opinion,  strengthened  by  the  existence  of  a  similar 
condition  in  front  of  the  primitive  groove  in  the  embryo  here 
described. 

Owing  to  the  existence  of  this  confusion  of  terms  it  is  not  easy 
to  assign  exact  limits,  either  as  regards  time  or  place,  to  the  occur- 
rence of  the  two  tracts  of  fusion  respectively.  If,  as  is  most  pro- 
bable, the  epi-hypoblastic  fusion  occurs  firat^  the  following  may  be 
taken  to  be  the  order  of  the  early  changes  undergone  by  the  Uaato- 
derm  (starting  with  two  distinct  primary  layers,  epiblast  and  hypo- 
blast). 1.  Fusion  of  the  two  layers  over  a  limited  tract  near  the 
centre.  2.  Thickening  and  depression  of  the  epiblast  behind  this 
tract  (primitive  streak  and  groove)  and  (a  little  later)  also  in  front 
of  it  (neural  groove)  3.  Lateral  outgrowth  of  mesoblast  from 
thickened  epiblast  of  primitive  gix>ove.  4.  Spreading  of  mesoblast 
over  the  whole  blastoderm  Wtween  epi-  and  hypo-blast  (except  under- 
neath neural  groove).  If,  on  the  other  hand,  the  epi-hypoblastic 
fusion  takes  place  at  a  subsequent  stage  the  changes  the  blastoderm 
undergoes  would  be  as  follows : — 1.  Thickening  and  depression  of 
epiblast  along  the  middle  line  in  the  posterior  part  of  the  blastoderm 
(primitive  streak  and  groove).  2.  Lateral  outgrowth  of  mesoblast 
from  thickened  epiblast  of  primitive  groove.  3.  Fusion  of  thickened 
epiblast  with  hypoblast  at  anterior  part  of  primitive  groove.  4.  Ke- 
differentiation  of  axial  epiblast  and  hypoblast  from  the  fused  tissue, 
and  formation  of  neural  groove,  the  fusion  and  re-differentiation  going 
on  constantly  from  before  backwards.  According  to  Rathke,  His,  and 
Waldeyer,  the  epi-hypoblastic  fusion  exists  from  the  "beginning,  but 
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this  ia  doubtful*,  and  it  is  also  unlikely  that  it  produces  the  whole 
4>f  the  primary  axial  shadow  known  as  the  primitiye  streak,  as  believed 
by  His.  For,  at  any  rate,  it  is  found  that  as  soon  as  the  primitiTe 
groove  makes  its  appearance,  the  mass  of  cells  which  lies  below  the 
groove  is  a  thickening  of  the  epiblast^  continuous  on  either  side  with 
commencing  mesoblast  (commencing  mesoblast  fused  in  the  middle  line 
with  epiblast,  as  described  by  most  authors),  and  has  no  connexion 
^whatever  with  the  hypoblast  But  in  the  guinea-pig  embryo,  as  we 
have  seen,  the  deeper  part  of  this  axial  thickening  of  the  epiblast, 
which  has  always  hitherto  been  regarded  as  either  being  (most  authors) 
or  forming  (KoUiker)  the  axial  portion  of  the  mesoblayBt,  can  be  seen, 
by  tracing  it  forward  in  the  sections,  to  be  directly  continued  into  the 
fused  epi-hypoblastic  traot^  and  this,  traced  stiU  more  anteriorly, 
becomes  completely  differentiated  into  epi-  and  hypo-blast,  which, 
although  quite  distinct  layers,  are  still  in  contact  with  one  another 
at  the  axis,  no  trace  of  mesoblast  coming  between  them. 

Along  the  whole  length  of  the  axis  of  the  embryo,  except  perhaps 
quite  anteriorly  and  posteriorly,  there  is  no  trace  of  any  tissue  which 
can  rightly  be  regarded  as  mesoblastic.  Over  a  very  limited  tract, 
which  may  be  termed  for  purposes  of  description  the  eetUre  o/grawthf 
there  is  practically  but  one  layer,  for  the  epiblast  and  hypoblast  are 
here  inseparably  connected  Both  in  front  of  and  behind  this  centre 
a  modification  can  be  observed  similar  in  character  in  both  situations, 
in  the  splitting  of  the  undivided  mass  into  the  two  layers  which  aro 
known  as  epiblast  and  hypoblast,  and  in  the  presence  of  a  depression 
passing  both  anteriorly  (neural  groove)  and  posteriorly  (primitive 
groove).  It  may  further  be  brought  to  mind  that,  extending  on 
either  side  from  the  centre  of  growdi  at  right  angles  to  these  longitu- 
dinal grooves,  there  is  sometimes  to  be  seen,  at  a  very  early  stage  of 
development,  when  the  blastoderm  is  still  nearly  circular,  a  trcmi- 
verse  Jurrow^  so  that  an  appearance  of  radial  symmetry  is  simu- 
lated by  the  blastoderm.  It  is  true  that  this  appearance  soon 
vanishes  in  consequence  of  the  greatly  preponderating  growth  of  the 
blastoderm  along  one  of  the  axes,  the  longitudinal,  and  especially,  in 
subsequent  stages,  along  the  part  anterior  to  the  transverse  axis,  but 
nevertheless  the  existence  primarily  of  a  radial  symmetry  in  the 
blastoderm  of  the  higher  vertebrata,  if  not  merely  accidental,  is  of 
interest  in  a  phylogenetic  point  of  view*. 

The  bilateral  symmetry,  which  so  early  eclipses  any  other,  ap- 
pears to  be  essentially  dependent  on,  or  at  all  events  contempora- 
neous in  its  appearance  with,  the  development  of  the  mesoblast.  From 
isolated  observations  which  at  various  times  I  have  had  opportunity 
to  make  on  the  chick,  and,  but  in  much  rarer  instances,  on  the  mam- 

^  In  the  blastoderm  of  a  oat-embryo  (described  by  me  in  the  Proceeding$  of 
the  BoycU  Society,  No.  168, 1876),  which  was  still  only  bilaminar,  both  epi-  and 
hypo-blaat  were  quite  distinct  throughout  their  whole  extent;  and  this  accords 
with  the  statements  of  most  other  observers. 

*  See  His  Entwiekl  d.  HUhneheng,  p.  65. 

*  The  ezistenoe  of  such  radial  symmetry  would  so  far  militate  against 
Hsckers  conception  of  the  distinctiTflness  of  the  radial  and  bilateral  types. 


312  MR  SCHAFER. 

« 

malian  ovnmy  I  had  been  led  to  the  conclusion,  even  before  the 
publication  of  the  extensive  researches  of  Kolliker  on  the  subject, 
that  the'  middle  layer  of  the  blastoderm,  springs,  in  these  classes  of 
vertebrata  at  least,  from  the  epiblast ;  and  not  merely  bj  a  simple 
thickening  of  the  epiblast  due  to  a  proliferation  of  its  axial  cells,  but^ 
in  the  first  instance,  by  an  infolding  of  that  layer,  followed  by  pro- 
liferation of  the  cells  at  the  bottom  of  the  involution.    The  depression 
of  epiblast  is  not  seen  as  a  groove  becanse  its  sides  are  in  close  apposi- 
tion ;  subsequently,  by  a  widening  out  the  primitive  groove  may  be 
produced  from  it.     So  that  the  primitive  groove  would,  on  this  sup- 
position, represent  an  original  involution  of  the  epiblast  which  is 
connected  with  the  origin  of  the  mesoblast,  and  this  involution 
occurs  at  a  part  of  the  blastoderm  altogether  posterior  to  that  in 
which  the  embryo  is  produced.     At  the  embryonic  part  (region  of 
the  neural  groove)  there  is  originally  no  mesoblast :  this  layer  being 
produced  as  an  outgrowth  from  the  sides  of  the  involuted  proliferated 
epiblast  which  underlies  the  primitive  groove  (from  the  region  of  the 
primitive  groove  therefore),  and  it  then  rapidly  grows  forwards  along 
either  side  of  the  longitudinal  axis  anterior  to  the  primitive  groove, 
spreading  also  at  the  same  time  behind  and  at  the  sides  between  the 
epi-  and  hypo-blast  over  the  whole  blastoderm.     In  front  of  tlie 
region  of  the  neural  groove,  or,  as  we  may  equally  well  term  it^  the 
embryonic  region,  the  latersd  portions  of  mesoblast  of  either  side 
meet  and  unite  to  form  one  sheet,  whereas  along  the  whole  of  the  em- 
biyonic  region  they  are  completely  separated  by  the  contact  with  one 
another  of  epiblast  and  hypoblast.     According  to  this  view  of  the 
case  the  mesoblast  does  not  enter  primarily  into  the  formation  of  the 
embryo,  which  is  developed  from  the  part  of  the  blastoderm  anterior 
to  the  transverse  axis  of  the  blastoderm,  whereas  the  mesoblast  iB 
formed  from  the  part  posterior  to  this  axis. 

Another  hypothesis  has  been  put  forward  by  Balfour'  to  ac- 
count for  the  appearance  of  the  primitive  groove  in  Birds  and 
Mammals,  by  a  reference  to  the  mode  of  development  of  Elasmo- 
branch  fishes.  The  embryo  in  these  is  situate  at  first  at  the  edge  of 
the  blastoderm.  ^'In  the  course  of  development  the  blastoderm 
git)ws  round  the  yolk  far  more  slowly  in  the  region  of  the  embryo 
than  elsewhere.  Owing  to  this  the  embryo  becomes  left  in  a  bay,  tlie 
two  sides  of  which  eventually  meet  and  coalesce  in  a  linear  fa^on 
immediately  behind  the  embryo,  thus  removing  the  embryo  from  the 
edge  of  the  blastoderm  and  forming  behind  it  a  linear  streak  not 
unlike  the  primitive  groove.  We  would  suggest  the  hypothesis  that 
the  primitive  groove  is  a  rudiment  which  gives  the  last  indication  of 
a  change  made  by  the  Avian  ancestors  in  their  position  in  the  blasto- 
derm, like  that  made  by  Elasmobranch  embryos  when  removed  from 
the  edge  of  the  blastoderm  and  placed  in  a  central  situation  similar 

to  that  of  the  embryo  Bird The  central  groove  might  probably 

also  be  viewed  as  the  groove  naturally  left  between  the  coalescing 

1  Beriew  of  Eolliker's  EnttoicklungigeschichUy  2ie  Anflage.    See  this  Journal, 
July,  1876. 
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edges  of  the  blastodemu  Would  the  ftudon  of  epiblast  and  meso- 
blast  also  reoeive  its  ezplaiiation  on  this  hypothesis  1  We  are  of 
opinion  that  it  would.  At  the  edge  of  the  blastoderm,  which  repre- 
sents the  blastopore  mouth  of  Amphiozus,  all  the  layers  become 
fused  together  in  the  unamniotic  Vertebrates.  So  that  if  the  primi* 
tive  groove  is  in  reality  a  rudiment  of  the  ooalesoed  edges  of  the 
blastoderm  we  might  naturally  expect  the  layers  to  be  fused  there...." 
This  hypothesis  is  extremely  ingenious,  but  there  are  serious 
objections  to  its  acceptance.  One  of  the  most  obvious  of  these  is  the 
difference  in  the  time  at  which  the  structures  respectively  appear. 
The  primitive  groove  is  fonned  before  the  appearance  of  the  embryo; 
whereas  the  linear  streak  of  coalescence  referred  to  by  Balfour  is 
not  produced  until  the  embryo  has  advanced  considerably  in  develop- 
ment. We  should  moreover  certainly  expect  to  find  a  coalescence 
of  hypoblast  with  the  other  layers  under  the  primitive  groove,  whereas, 
according  to  the  testimony  of  almost  all  observers,  no  such  condition 
is  ever  present  in  this  situation.  Hensen's  statements  on  this  subject 
cannot  be  considered  to  outweigh  those  of  all  other  observers.  More- 
over, we  should  expect  to  find  the  same  condition  at  what  is  un- 
doubtedly the  edge  of  the  blastoderm.  And  if  we  accept  Kolliker^s 
account  of  the  origin  of  the  mesoblast,  and  there  can,  we  think,  be 
little  doubt  that  for  Birds  and  Mammals  at  least  this  is  in  the  main 
correct,  the  idea  of  a  thickening  and  lateral  otUgrowth  of  the  axial 
epiblast  in  the  higher  Vertebrates,  representing  a  median  cocdeacenM 
of  previously  distinct  halves  or  lateral  portions  of  all  the  layers  in 
EUasmobranchs,  is  scarcely  tenable. 

Mode  of  Connexion  of  the  Ovum  with  the  Uterus. 

The  pole  of  the  ovum  opposite  to  the  embryo  is  firmly  con* 
nected  with  the  mucous  membrane  of  the  uterus.  .The  lower 
part  of  the  ovum  is  fonned,  it  will  be  remembered,  by  only  two 
layers  of  the  blastoderm,  the  hypoblast  and  mesoblast,  these 
enclosing,  at  the  sides  and  below,  the  large  cavity  (PL  XL  fig.  5, 
m.c.)  which  occupies  the  greater  part  of  the  ovum,  and  is 
bounded  above  by  the  amnion.  The  mesoblast  is  a  single  layer 
of  flattened  cells  lining  the  vacuolated  columnar  cells  of  the 
hypoblast.  But  at  the  attachment  to  the  uterus  the  two 
layers  are  separated  from  one  another  by  an  outgrowth  of 
vascular  tissue  from  the  uterus,  which  has  pierced  the  hypo- 
blast in  several  places  at  the  lowest  part  of  the  ovum,  and 
bas  burrowed  some  little  distance  between  the  hypoblast  and 
mesoblast.  The  condition  of  things  will  be  readily  under- 
stood by  a  reference  to  the  diagram,  Plate  xi,  fig.  5,  which 
represents  a  longitudinal   section  through  the  whole  ovum, 
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mcluding  the  poiiion  of  the  uterine  wall  to  which  it  is  at- 
tached.     The  mesoblast  m"  is  seen  to  pass  continuously  over 
the  vascular  tissue  above  mentioned.    The  hypoblast  h,  which 
at  the  sides  of  the  ovum  is  in  close  contact  with  the  mesoblast, 
separates  from  it  at  the  points  ZZ  in  the  section^  and  is  continued 
outside  the  vascular  growth,  which  is  thus  included  between  the 
two  blastodermic  layers.    Where  the  lower  surface  of  the  ovum 
is  in  contact  with  the  uterine  wall  the  hypoblast  is  no  longer 
seen  as  a  single  distinct  layer.     The   epithelial  cells  here 
(fig.  7)i  lying  that  is  between  the  vascular  tissue  v.  t  above 
mentioned  and  the  uterine  mucous  membrane  m.m.y  are  two 
or  three  deep,  are  rounded  in  form,  and  appear  to  represent 
not  only  the  layer  of  hypoblastic  cells  belonging  to  the  ovum, 
but  also  the  epithelium  of  the  uterus,  the  two  being  more  or 
less  blended  together.     Here  and  there  the  more  superficial  of 
the  celk  in  question  approach  in  character  to  the  hypoblastic 
cells  elsewhere*.    The  vascular  tissue,  which  is  thus  included 
between  the  blastodermic  layers,  is  cavernous  in  structure,  and 
obviously  an  outgrowth  from  the  blood-vessels  (veins)  of  the 
uterine  mucous  membrane.     These  veins  (Plate  xi,  fig.  7,  v') 
are  lined  by  thick,  granular,  epithelium-like  cells ;  and  similar 
cells,  one  hr  more,  layers  deep,  .form,  the  upper  and  lower 
boundaries  of  the  cavernous  tissue,  and  traverse  it  in  the  form 
of  imperfect  partitions.    All  the  spaces  of  the  tissue  in  ques- 
tion are  seen  in  the  sections  to  be  filled  with  blood.    Of  its 
boundaries  the  upper  one — that  next  to  the  mesoblastic  layer 
— ^is  the  thicker,  and  in  parts  takes  on  quite  the  character  of 
a  columnar  epithelium.     This  is  especially  marked  near  the 
growing  border  (Plate  xi,  fig.  6,  I),  where  there  is  a  continuous 
layer  of  such  columnar  cells  c  in  contact  with  the  mesoblast 
At  the  place  where  the  hypoblast  and  mesoblast  separate 
this  layer  folds  round    and  follows  the  hypoblast,  its  cells 
becoming  gradually  shorter  and  flatter,  and  coming  into  dose 
contact  with  those  of  the  hypoblast.   In  fact,  from  their  appear- 
ance simply,  it  is  not  easy  to  make  out  a  distinction  between 
the  two  kinds  of  cells.  At  some  parts  of  the  border  a  dear  space 
s  is  enclosed  by  the  fold  just  mentioned.    This  space  contains  a 

^  It  is  possible  that  this  resemblanoe  may  be  aooidental,  and  that  the 
hypoblast  is  absent  at  this  part. 
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few  blood-corpuscleSj,  but  is  nevertbelese  sbut  off  from  the  rest 
of  the  cavernous  tissue  by  a  sort  of  plug  p  of  densely  packed 
cells,  evidently  proliferating.  Some  of  those  next  the  space 
appear  to  have  become  broken  down :  it  is  possible  that  the 
blood-corpuscles,  above  mentioned  have  been  produced  within 
them.  At  other  parts  of  the  border  the  space  is  absent  and  the 
plug  of  proliferating  cells  is  in  immediate  contact  with  the 
terminal  fold. 

Bischoff  described  the  ovum  of  the  guinea-pig  as  becoming  in- 
vested by  a  decidua  reflexa,  which  grows  up  around  it,  and  eventually 
entirely  encloses  it  in  a  new  cavity  distinct  from  that  of  the  deoidua 
▼era.       Reichert,  on  the  other  hand,  stated,  in  opposition  to  Bischoff, 
that  the  ovum  is  invested  merely  by  a  prolongation  of  the  uterine  epi- 
thelium, which  forms  a  sort  of  "  capsule  "  for  it,  and  that  this  capsule 
becomes  excavated  below  the  ovum  into  a  hollow  stalk,  filled  with  fluid 
and  containing  the  ovum  at  its  extremity ;  thinking,  quite  erroneously, 
that  the  epiblastio  or  amniotic  vesicle  represented  the;  whole  ovum, 
and  that  the  layer  of  cells  covering  the  exterior  of  the  ovum,  described 
by  Bischoff  as  the  hypoblast  (vegetativea  Blatt),  was  nothing  but  such 
a  prolongation  of  the  uterine  epithelium.     Probably  Beichert  was  led 
into  this  error  by  the  occasional  adhesion  of  the  epithelium  lining  the 
decidua  reflexa  to  the  exterior  of  the  ovum.     But  it  seems  difficult  to 
understand  how  Hensen,  with  the  aid  and  guidance  of  microscopic 
sections,  could  have  adopted  Beichert's  view.     There  can  be  no  doubt 
whatever,   in   contemplating  the  sections,   that  the  whole  of  the 
spheroidal  body  here  described  is,  as  Bischoff  thought,  the  ovum.   And 
I  have  very  Uttle  doubt  that  the  mucous  membrane  which  was  torn 
off  with  forceps  in  exposing  the  ovum  was  Bischoffs  decidua  rtfleaxk. 
That  it  was  not  merely  an  epithelial  structure,  but  an  investment 
formed  by  the  whole  mucous  membrane,  can  be  seen  in  some  pre- 
parations where  a  portion  still  remains  at  the  side,  adhering  to  the 
outer  layer  (hypoblast)  of  the  ovum.     It  seems  almost  as  if  Hensen, 
misled  by  Beichert's  statements,  had  mistaken  the  hypoblast  of  the 
ovum  for  an  <' epithelial  capsule"  derived  from  the  uterine  epithelium, 
from  which  in  &ct  at  the  lower  pole  of  the  ovum  it  becomes  almost 
indistinguishable.    And  the  layer  of  cells  which  he  represents  ^  as 
growing  down  on  the  inner  side  of  the  "  epithelial  capsule,"  and 
which  he  terms  hypoblast  (2)armc?rttoe7z&2aM),  must  be  mesoblastic. 
The  fact  that  there  is  a  homogeneous  limiting  membrane  between  this 
layer  and  the  cells  outside  it  does  not  exclude  the  latter  from  forming 
part  of  the  ovum,  for  even  at  a  very  early  stage  such  membranes  are 
found,  between  the  layers  of  the  blastoderm'. 

^  L/dc.  eU.  fig.  75. 

*  Compare  JQLensen,  Op.  cit.  p.  364,  and  Yirch.  Arch.  Bd.  SO,  and   Sell, 
ioe.  eiu 
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DESCRIPTION  OF  THE   PLATEa 

PLATE  X 

Figs.  1 — 14  represent  a  series  of  transyerse  sections  of  the  g^ninea-pig 
embj7o  previously  figured  in  surfiioe  view  (Vol  z.  PI.  xzx,  fig.  2);  the  aenes 
passing  from  behind  forwards. 

Fig.  15  is  a  representation  of  the  embiyo  in  outline  in  order  to  imlicate 
as  nearly  as  possiole,  by  numbered  lines,  the  phices  with  which  theae  seo- 
tions  correspond. 

In  figures  1,  7,  and  8,  the  whole  of  the  amniotic  vesicle  is  represented ; 
in  the  others  the  amnion,  and  in  some  cases  the  lateral  portions  of  the 
embryo  proper,  hare  been  omitted  to  economise  space.  In  nearly  all  the 
figures  the  difierent  blastodermic  layers  are  represented  bv  differenoea  cf 
shading,  and  where  any  one  layer  is  continuous  or  fiued  witn  another,  muh 
continuity  is  indicated  by  a  blending  of  their  respectiYe  shadings.  But  in 
figs.  7  and  8  the  details  of  the  structure  have  been  filled  in,  and  theee 
figures  serve  therefore  to  show  the  actual  appearance  presented  hj  the 
blastodermic  layers.  Figs.  7  and  8  are  from  photographs  of  the  prepara- 
tions; all  the  ouier  figures  were  sketdied  with  the  aid  of  a  camera  lucida. 
The  scale  to  which  uie  drawings  have  been  made  is  represented  at  the 
bottom  of  the  Pkvta 

e,    epiblast 

d,  e,    axial  epiblast. 

m,    mesoblast. 

m'.    amniotic  mesoblast 

m*\    parietal  mesoblast 

h.    hypoblast 

0.A.    axial  hypobhist 

/.    part  where  epiblast  and  hypoblast  are  iiised  together. 

p.ff.    (in  fig.  1}  primitive  groov& 

n.  ff.    neund  or  medullary  groove. 

n'.  ^.  ^  (in  fig.  7)  rootlets  of  the  neural  groove. 

if.    (in  fig.  10)  split  appearing  in  mesoblast 

9p'.    (in  fif.  11}  the  same  becoming  a  circular  canaL 

am,    amnion. 

«.  V,    epiblastic  or  amniotic  vesicle. 

In  fig.  1  the  primitive  gproove  is  seen.  Opposite  the  groove  the  epiblast 
is  considerably  thickened,  and  this  axial  thickening  of  epiblast  passes  on 
either  side  continuously  into  the  mesoblast^  the  hypoblast  bemg  quite 
distinct 

In  figs.  2  and  3  the  primitive  groove  is  no  longer  seen.  The  reUtioiis 
of  the  layers  are  not  materially  altered. 

In  fig.  4  the  axial  thidceninff  of  epiblast  is  almost  completely  mariced  off 
from  the  mesoblast    The  hypoblast  is  stiU  distinct 

In  fig.  5  the  axial  epiblast  is  united  with  the  hypoblast 

In  fig.  6  the  union  between  epiblast  and  hypoblast  is  still  observed,  and 
the  united  part  is  somewhat  broader. 

In  fiff.  7  a  line  of  demarcation  is  seen  extending  from  either  aide  be- 
tween the  axial  epi-  and  hypo-blast,  but  the  central  cells  are  still  common 
to  both  layers.    The  rootlets  of  the  neural  groove  are  seen. 

In  fig.  8  the  neural  groove  itself  is  observed  and  opposite  to  it  the  epi- 
and  hypo-blast  are  now  quite  distinct,  although  in  contact  with  one  another. 
Thev  retain  this  relation  in  all  the  suoceedinff  sections. 

In  figtL  9, 10,  and  11,  the  neural  groovebecomes  deeper  and  narrower, 
bat  in  fl^.  12  it  has  become  much  shallower  preparatory  to  its  complete 
termination. 
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In  fig.  13  a  pittiiig  iiiward«  of  all  the  lajen  of  the  blastoderm  is  ob- 
aerrecL  There  is  sUll  no  mesoblast  between  the  epiblast  and  hypoblast  in 
the  axis  of  the  embryo,  but  in  fig.  14  the  mesoblast  is  seen  betwe^  the  two 
layers  here  as  well  as  at  the  sides. 

PLATE  XL 

Fig.  1  represents  under  a  high  power  and  in  detafl  the  axial  part  of  the 
section  shown  in  fig.  5  of  the  preceding  Plate.  The  references  are  the  same 
as  before. 

Fig.  2  is  taken  from  a  section  intermediate  between  those  shown  in 
figs.  6  and  7,  Plate  x.  The  nest  n  of  small  nndiflerentiated  cells  referred 
to  in  the  text  is  seen  in  this  fisrare ;  on  either  side  of  it  a  line  of  demarca- 
tion can  be  traced  between  epiblast  and  hypoblast 

Fig.  3  is  the  axial  part  of  a  section  similar  to  that  shown  in  fig.  9, 
Plate  X.  The  columnar  character  of  the  cells  of  the  axial  hypoblast  and 
the  distinct  line  of  demarcation  between  them  and  the  axial  epiblast 
IB  seen. 

Fig.  4  is  from  near  the  anterior  part  of  the  nenral  region.  The  cells  of 
the  axial  hypoblast  are  still  somewhat  columnar,  and  the  small  superadded 
cells  ((/  h*)  referred  to  in  the  text  are  obsenred. 

Fig.  6.  Diagrammatic  representation  of  a  longitudinal  section  through 
the  whole  ovum  along  Uie  axis  of  the  embryo,  and  mduding  the  attachment 
to  the  uterus. 

Most  of  the  references  are  the  same  as  before ;  the  following  are  ad- 
ditional : — 

m,  e.    general  or  mesoblastic  caTity  of  the  OTum. 

all.    aflantois. 

fn.  m,    mucous  membrane  of  uterus. 

V.  t  vascular  or  cavernous  tissue  connected  with  uterine  mucous  mem- 
brane at  m\  m'.,and  burrowing  between  the  iMurietal  mesoblast  and  hypoblast 

I9  L    limits  of  uterine  tissue. 

«.    dear  space  at  srowing  edge  of  vascular  tissua 

m".  m^',  a  solid  ningiform  projection  from  the  uterine  mucous  mem- 
brane. 

Fig.  6.  Section  at  edge  of  vascular  tissue  showing  the  mesobUst  m'\ 
and  hypoblast  h  separating  to  enclose  this  space,  which  is  bounded  by  the 
layer  of  cells  e  and  oy  the  plug  of  densely  packed  cells  p.  The  space  is  seen 
to  contain  blood-corpuscles. 

Fig.  7.  ^  Section  through  the  base  of  the  ovum  and  the  contiguous  part 
of  the  uterine  mucous  membrane. 

m'\  mesoblast  of  ovum  forming  a  continuous  layer  of  flattened  cells 
(spindle-shaped  in  section). 

V.  t.    cavernous  tissue. 

hL    blood-corpuscles,  within  its  spaces. 

h\  layer  of  epithelial  cells  next  to  the  cavernous  tissue  (?  derived  from 
hypoblast  of  ovum). 

ep.    deeper  epithelial  cells. 

m.  m.    mucous  membrane  of  uterus. 

v\    one  of  the  veins  of  the  mucous  membrane  cut  across. 


ON  THE  PHYSIOLOGY  OF  THE  DEHISCENCE  OF 
THE  FRUIT  OF  MOMORDICA  ELATERIUM.  By 
Chables  J.  F.  Yule,  M.A.,  Fellow  and  Tutor  of  Magdalen 
College,  Oxford. 

The  following  short  account  of  the  dehiscence  of  the  finiit  of 
Momordica  is  rather  incomplete,  and  is  intended  merely  to 
bring  the  case  before  physiologists  in  order  that  it  may  be 
more  thoroughly  worked  out  The  experiments  here  described 
were  performed  in  the  Physiological  Laboratory  of  Magdalen  Col- 
lege upon  firuit  grown  in  the  adjoining  Physic  Garden ;  as  the 
experiments  were  not  commenced  till  late  in  the  season,  they 
are  necessarily  incomplete,  and  doubtless  future  investigations 
wiU  modify  largely  the  conclusions  herein  arrived  at.  The 
very  consistent  investigations  published  by  Professor  Burdon 
Sanderson  in  the  JFVoc.  Roy.  Soc.  for  Nov.  20,  1873,  on  the 
Elec^cal  Phenomena  accompanying  irritation  and  contraction 
of  the  leaf  of  Dionea  Muscipula  appear  to  comprise  nearly  all 
that  had  been  done  about  the  electrical  conditions  of  motile 
vegetable  tissues,  and  seem  to  go  straight  to  the  root  of  the 
fundamental  properties  of  protoplasm  in  its  diverse  forms  of 
animal  muscle  and  nerve  as  a  superior  limit,  and  vegetable 
**  cell-contents  "  on  the  other. 

Momordica  Elaterium  is  a  prostrate  cucurbitaceous  plant, 
its  fruit  is  a  pepo  supported  above  the  ground  by  a  peduncle 
from  four  to  six  inches  in  length,  from  which  it  depends  It 
lias  a  rough  warty  or  shagreened  exterior,  is  about  two  inches 
in  length,  and  when  ripe  changes  very  little  in  colour,  be- 
coming slightly  whiter  at  the  poles.  The  dehiscence  is  effected 
by  the  separation  firom  the  peduncle,  a  hole  about  three  or 
four  millimeters  is  thus  left,  through  which  the  seeds  are 
expelled  together  with  a  quantity  of  green  acrid  pulp,  the  pepo 
at  the  same  time  becoming  softer  and  undergoing  a  diminu- 
tion in  size  to  the  amount  of  ^  in.  transverse  diameter,  and 
•^  in.  longitudinal  (Dutrochet).    The  fruit  explodes  so  vio 
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lently  when  ripe  as  to  expel  the  seeds  upwards  of  15  feet  in 
&  vertical  direction  on  detaching  the  peduncle;  this  detach* 
xnent  takes  place  on  the  slightest  touch  when  the  fruit  is 
iripe,  but  even  when  it  is  very  unripe  there  is  a  considerable 
-tension  of  the  contents,  although  the  peduncle  breaks  across 
its  substance  rather  than  become  detached  in  the  regular  way; 
in  this  case  the  experiment  has  to  be  performed  by  means  of 
A  knife. 

The  contractile  action  of  Momordica  Elaterium  has  been 
partially  investigated  by  M.  Dutrochet,  and  published  in  the 
year  1828\  long  before  the  higher  branches  of  physiology  had 
l>een  developed,  and  he  came  to  the  conclusion  that  the  action 
of  the  fruit  in  expelling  its  seeds  was  a  veritable  contraction, 
and  gives  an  ingenious  reason  for  the  action  depending  on 
the  endosmosis  of  the  central  fluid  into  the  more  dense  con- 
tents of  the  cells  surrounding  the  central  pulp.  This,  however, 
differs  essentially  from  the  contraction  of  a  muscle  in  that  it 
is  the  liberation  of  a  certain  amount  of  energy  all  at  once,  and 
is  comparable  with  the  fall  of  a  weight,  or  the  release  of  a 
spring.  After  the  act  there  seems  to  be  no  reserve  of  force 
such  as  there  is  in  exhausted,  muscle ;  in  short,  it  is  rather  the 
dehiscence  of  a  fruit  distended  from  internal  pressure  than  a 
vital  contraction.  . 

In  investigating  the  electrical  conditions  of  Momordica, 
the  firuit  was  gathered  by  cutting  through  the  peduncle  with 
a  sharp  knife  a  short  distance  below  the  fruit,  leaving  a  bit 
of  the  peduncle  to  be  used  as  a  trigger;  two  patches  of  the 
rough  skin  were  then  shaved  away,  one  near  the  middle  of 
the  fruit,  and  one  at  its  distal  end  or  breech;  to  these  bare 
patches  were  applied  non-polarizable  electrodes  constructed  on 
the  usual  principle,  but  slightly  modified  in  form.  The  gal- 
vanometer used  was  one  of  Sir  W.  Thomson's  pattern,  recently 
inade  by  Messrs.  Elliott,  having  a  resistance  of  about  5500 
ohms;  it  was  generally  used  with  the  upper  magnet  rather 
low  down  in  order  to  render  it  less  sensitive,  and  also  to  make 
the  needle  swing  quickly.  The  ^  shunt  was  generally  used. 
After  several  trials  of  supports  it  was  found  that  the  best 

1  NouvfiUes  Beeherchet  but  VEndotmose  et  VExmose,     Par  M.  Dntrookei. 
Ballidre  et  Cie  Paris,  1828. 
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plan  was  to  hold  the  firuit  against  the  inverted  electrodes  by 
hand,  as  its  shrinking  at  the  moment  of  dehiscence  was  apt 
to  destroy  the  continiuty.  The  galvanometer  was  read  and 
registered  every  two  seconds,  and  from  these '  readings  the 
curves  in  the  plate  were  constructed,  the  vertical  line  repre- 
senting the  intensity  of  the  current  as  indicated  by  the 
galvanometer  scale,  and  the  horizontal  line  being  divided  into 
parts  each  representing  two  seconds  of  time. 

The  general  results  arrived  at  are  briefly  these : 

1st  The  breech  of  the  firuit  was  generally  found  to  be  \ 
positive  to  the  centre,  that  is  to  say,  a  current  set  from  the 
distal  end  through  the  galvanometer  back  to  the  centre,  re- 
turning to  the  positive  electrode  through  the  substance  of 
the  fiiiit;  sometimes  the  reverse  was  the  case  in  the  proportion 
of  2  :  13.  This  seems  quite  to  contradict  what  one  would 
expect  from  a  muscle  where  the  current,  even  after  subdivision 
of  the  muscle,  sets  from  any  peripheral  to  any  central  point 
in  its  longitudinal  surface.  The  ripeness  of  the  firuit  did  not 
seem  much  to  affect  the  direction  and  force  of  the  current^ 
which  was  of  such  force  as  generally  to  necessitate  the  use  of 
the  ^  shunt. 

Snd.  At  the  moment  of  dehiscence  there  was  a  decided 
negative  variation;  this  took  place  to  a  varying  amount^  and 
sometimes  passed  zero.  The  current,  however,  soon  recovered 
itself,  and  very  frequently  became  greater  than  before  the 
dehiscence.  In  fact,  I  think  that  it  might  be  accepted  as  the 
rule  that  the  current  was  increased  after  the  dehiscence  as  soon 
as  the  negative  variation  had  passed  ofL 

This  negative  variation  certainly  seems  to  point  to  an 
actual  vital  contraction;  yet  from  the  structure  of  the  fruit 
it  is  difficult  to  conceive  how  such  can  take  place.  It  would, 
however,  be  quite  consistent  with  a  purely  mechanical  ex- 
plosion, the  development  of  the  reverse  current  being  part  of 
the  products  of  the  liberation  of  the  energy  imprisoned  in 
the  fruit,  just  as  work  certainly  and  heat  probably  is.  I 
think  it  would  be  rash  to  assume  any  great  amount  of  vital 
action  until  the  subject  has  been  better  investigated. 

The  following  are  the  galvanometer  readings  of  five 
experiments;  the  sign  +  denotes  a  current  from  the  breech 


I>EHISCENCE  OF  THE  ^RUTT  OP  MOMOBDICA  ELATEBIUM.      351 

to  the  centre  of  the  fruity  and  —  one  in  the  reverse  direction ; 
the  mark  —  on  the  right-hand  side  of  the  columns  indicates 
tbe  instant  of  dehiscence.  In  the  appended  Plate  vill  be 
found  some  of  these  tables  worked  into  curves. 


IX- 

X. 

XT. 

XII. 

XIII 

380 

70 

70 

+  90 

+  40 

280 

70 

70 

100 

40 

280 

80 

70 

100- 

40 

280 

80 

70 

80 

40 

280 

80 

70- 

50 

0 

280 

80- 

60 

0 

-40 

280 

90 

50 

-20 

50 

280- 

90 

60 

0 

30 

200 

90 

80 

+  20 

0 

100 

90 

90 

20 

+  20 

100 

100 

100 

50 

30 

150 

120 

130 

70 

50 

200 

180 

150 

80 

60 

250 

200 

200 

80 

70 

250 

220 

250 

100 

80 

260 

220 

250 

100 

80 

270 

230 

250 

110 

90 

370 

270 

250 

110 

100 

270 

280 

250 

120 

100 

280 

300 

250 

120 

100 

280 

300 

280 

130 

110 

310 

280 

130 

110 

280 

130 

120 

280 

130 

120 

300 

140 

130 

300 

150 

140 

300 

160 

300 

160 

300 

150 

300 

150 

300 

150 
150 
160 
170 
170 

P.S.  These  experiments  were  performed  during  the  autumn 
of  1875,  and  the  paper  written  at  that  time. 


352      HB   TULE.      THE  FBUIT  OF  HOHORDICA  ELATERIDH. 


Fig.  1.     No.  Xm.     Breeoh-f  i  Bhnnt,  rather  nnripe,  the  mark 
the  moment  of  dehisoenee. 


Fig.  2.     No.  XY.     Breeoh  +  {  shout,  unripe. 


Fig.  S.     Ko.  TI.    Breech  +^  shmit,  qnite  ripe. 


I^OTE  ON  THE  CASE  OP  ATROPHY  OF  RIGHT  HEMI- 
SPHERE OF  CEREBRUM,  LEFT  CEREBELLUM,  &c., 
jmbliahed  in  tlie  last  volume  6y  H.  A.  Chatham  Gray,  M.R 
EdifUj  Surgeon^  Bengal  Army* 

The  case  recorded  in  Vol.  X.  p.  786,  by  Mr  E.  F.  Brockman,  of  the 
Madras  Medical  College,  has  not  been  fully  detailed ;  and  an  I  woh 
one  of  those  who  dissected  the  subject  of  this  interesting  lesion, 
I  would  tike  to  render  the  case  more  complete. 

While  Mr  Brockman  notes  the  condition  of  the  encephalon,  he 
omits  to  mention  anything  about  the  spinal  cord.  This  omission  im- 
plies that  it  was  normal.  Further,  he  states  that  the  lefl  lung  wa8 
much  diminished  in  size,  and  that  the  other  organs  were  normal. 
As  Mr  Brockman  was  not  present  at  the  dissection  and  post-mortem 
examination,  he  probably  takes  his  notes  from  the  Pathological 
Register,  in  which  most  cases  are  very  briefly  recorded.  As  far  as  I 
recoUect  the  notes  in  the  Register  refer  chiefly  to  the  parts  preserved 
in  the  Museum,  and  as  only  the  encephaJon  was  preserved,  it  is  not 
likely  that  JuU  notes  of  the  case  wotdd  be  found  in  it.  Dr  Keess, 
the  Professor  of  Anatomy,  or  Mr  Richard  WUkins,  F.R.C.S.E.,  the 
Curator  of  the  Museum,  both  of  whom  were  present  at  the  examina- 
tion, and  took  notes  of  the  case,  could  have  given  full  and  correct 
information  on  the  subject.  Dr  Keess  expressed  to  me  his  intention 
of  sending  the  brain  and  cranium  to  Dr  Brown-S^uard. 

I  shall  be  brief  in  supplyiiig  these  deficiencies. 

There  was  atrophy  of  the  left  half  of  spinal  cord. 
The  left  spinal  nerves  were  diminished  in  size. 


(c)     Left  kidney  and  left  ovary  were  smaller  than  their  fellows. 

So)     The  left  labium  major  and  labium  minor  were  atrophied, 
e)     The  blood-vessels  on  the  left  side  were  of  smaller  calibre 
than  those  on  the  right. 

Mr  Brockman  says  that  nothing  is  known  of  the  old  woman's 
previous  histoiy.  I  remember  Mr  Wilkios  making  enquiries  on  this 
pointy  and  the  result  being  that  the  woman  was  a  pauper,  well  known 
to  the  police,  and  that  the  policeman  who  escorted  her  body  to  the 
dissecting  rooms  stated  that  it  was  believed  her  mind  was  affected. 

The  case  is  exceedingly  interesting  and  replete  with  instruction. 
It  forcibly  teaches  the  physiological  doctrine  that  one  half  of  the 
cerebrum  is  very  closely  structurally  connected  with  the  other  half 
of  the  cerebellum  and  the  body. 
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NOTE  ON  THE  LOBULES  AND  THE  CONNECTIVE 
TISSUE  OF  THE  CAMEL'S  LITER.  By  PBorsasoK 
Tdbbbb. 

In  man,  and  the  mammalia  generally,  the  lobiUee  of  th«  lirer  are 
imperfectly  separated  from  each  other  by  the  inter-lobular  TesseU 
aod  duct,  and  a  soaroely  appreciable  quantity  of  areolar  ccnrwciive 
tisBue.  In  the  pig,  aa  ia  well  knowu,  each  lobule  U  oircninsciibed 
by  a  definite  capsule  of  connective  tisau&  In  the  polar  bear, 
Johannefl  Milller  obeerved  the  lobules  to  be  distinct  and  easily 
separable  from  each  other,  and  a  similar  distinctneea  of  the  lobules 
baa  been  seen  by  Hyrtl  In  the  liver  of  the  South  American  Bodent, 
Octodon  Cvmingii. 

In  the  A^tomical  Museum  of  the  TTuiversity  of  Edlnbur;^ 
is  a  portion  of  the  liver  of  a  camel,  imperfectly  injected  from  the 
hepatic  vein  with  size  and  vermilion,  which  was  mounted  some  30 
years  ago  by  my  immediate  predecessor,  the  late  Prof  Goodsir. 
This  specimen  was  always  shown  by  him  when  lecturing  on  the 
liver  to  his  class,  as  exhibiting,  in  even  a  more  strUung  manner 
than  the  jng,  evidence  of  the  division  of  the  substance  of  the  liver 
into  lobules  by  Intermediate  connective  tissue.  As  no  deecriptioa 
of  the  relation  of  the  connective  tiaaue  to  the  lobules  of  the  camel's 
liver  has  ever  been  published,  either  by  Frof^  Qoodair,  or  any  other 
anatomist,  I  propose  to  relate  some  obaorvations  which  I  have 
recently  made  on  this  specimen. 


C.  WBbon  through  lobolea  of  the  samel-g  liver  to  show  the  eaptnles  at  wm- 
neotiTa  tistne,  el.  i.  divided  inter-lobnIar  vnuls.  By  way  of  oompaiuon  a 
■imUarMetion  through  the  human  liver  Jf  is  givsiL  1.  interJobnlai  vein  witha 
slight  sbMrth  of  eonneotiTe  tissue,    e.  central  vein  of  lobule. 

The  peritoneal  suriaoe  of  the  liver  was  in  part  smooth,  and  in 
part  divided  by  fiirrowa  into  numerous  irregular  lobeleta,  which 
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varied  in  rize  from  Aths  of  ui  inch  to  1|  fnoh  in  diAmeter.  The 
free  sorfiMie,  both  of  these  lobelets  and  of  the  nndivided  aurfAce  of 
the  liver,  vaa  niii|>ped  oot  into  moltitudM'  of  de&ut«  polygonal 
lobulea,  the  «utlinee  of  which  were  marked  bj  Latermediate  de- 
preesioDB.  When  sectiona  were  made  through  the  trabstance  of  the 
Uver,  the  Borface  of  section  presented  a  similar  distinct  lobular  sult- 
divisiom  The  lobnlee  varied  in  diameter  fh>m  ^th  to  ipjths  of  an 
inch,  and  showed  many  slight  variations  in  form. 

The  fibrous  coat  of  the  liver  was  tough,  and  closely  adherent  to 
the  outer  Bnrfaoe  of  the  organ.  When  it  waa  carefully  dissected 
)tway,  very  distinct  septa  of  fibrous  membrane  could  be  seen  to  pass 
from  its  deep  surface  into  the  substance  of  the  liver,  to  become 
continuous  with  the  eonneotive-laflsue  capeules  of  the  lobules.  As 
tbe  part  of  the  liver  in  the  region  of  the  portal  flasure  had  not  been 
preserved,  I  am  not  in  a  position  to  state  the  arrangement  of  Qlis- 
sou's  cajisule  at  that  fissure ;  but  throughout  the  substance  of  the 
organ,  wherever  a  portal  oanal  was  divided,  the  portal  vein  and 
accompanying  stmctnree  were  seen  to  be  enveloped  by  a  compara- 
tively strong  aheath  of  connective  tissue,  which  was  continaous  with 
tbe  capsules  of  the  adjacent  lobules. 

The  coat  of  the  hepatic  vein  was  thicker  than  that  of  the  cor- 
responding vein  in  the  human  liver,  and  it  was  so  loosely  atttu^ed 
by  connective  tissue  to  the  lobules  which  ainrounded  it,  that  it 
could  be  readily  isolated  by  tearing  through  the  areolar  tissue,  which 
passed  from  its  outer  waU  to  become  continuous  with  the  capsules 
of  the  lobnlee. 

Each  hepatic  lobule  was  invested  by  a  capenle  of  connective 
tissue,  which  was  so  dlstinot  as  to  be  readily  recognised  by  the  naked 
eye,  but  the  capsules  of  adjacent  lobidee  were  blended  with  each 
other.  This  capsule  was  not  of  uniform  thickness,  but  waa  thinner 
where  it  lay  in  contact  with  the  sides  of  a  lobule,  than  at  the  angles 
where  three  or  four  lobules  came  into  relation  with  each  other. 


The  interlobular  vessels  were  imbedded  in  the  connective  tissue 
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//f  xhh  capfukt  of  adjacent  lobolea^  From  the  capsnk  of  a  lobule 
nU'.ufler  ham  of  tiie  oomiectiTe  tuane,  of  microaoopie  dimeosoDi, 
wf;re  prolonged  into  the  interior  of  the  loboley  in  which  thej  oonld 
1^;  traced  for  some  diatancey  extending  towaida  the  centre  of  the 
iobule  between  the  oolumna  of  secreting  ceUa. 

It  waa  forther  obaerved  that  whilat  the  intm-lobnlar  baza  near 
til';  p^phery  of  the  lobule  had,  like  the  capanle,  the  fibrillatod 
chitracUsr  of  areolar  tiaaae,  aa  thej  i^proached  the  central  region 
thf^y  Ijad  a  verj  delicate  membrane-like  atructore.  In  the  poiphoal 
\fiirt  (ft  the  lobnle  the  presence  of  ^  auatentacnlar  oonnectiTe-tiaBoe 
fraincworic,  quite  distinct  from  the  network  of  capillaij  Uood- 
yfrh'^ihf  could  be  demonstrated  without  difficulty;  but  in  tJie  more 
r/rfjtral  part  of  the  lobule,  it  waa  not  possible  lor  me,  in  the  condition 
of  the  STiecimen,  to  state  precisely  if  the  membrane-like  atructore 
wtLH  distinct  from,  or  blended  with,  the  wall  of  the  oapillariesL  I 
wfut  unable  also  to  determine  whether  imy  relation  eziated  betve^ 
tliiM  framework  and  the  inter-lobular  branches  of  the  hepatic  duct, 
or  the  intra-lobular  biliary  passages.  Though  these  notes  are  im- 
|if;rf((;ct  therefore  in  these  particulars,  they  may  serve  to  direct  the 
atU«ntion  of  observers  who  may  have  the  opportunity  of  examining 
ftY'Hh  specimens,  to  the  liver  of  the  camel  aa  an  organ  which,  fiom 
tlie  great  development  of  the  framework  of  connective  tissue,  deserves 
U)  be  more  thoroughly  investigated. 
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of  tlie  capsules  of  adjacent  lobules.  From  the  capsule  of  ^  lobule 
slender  bars  of  the  oonnectiye  tissue,  of  microscopic  dimensions, 
were  prolonged  into  the  interior  of  the  lobule,  in  which  thej  could 
l>e  traced  for  some  distance,  extending  towards  the  centre  of  the 
lobule  between  the  columns  of  secreting  cells. 

It  was  further  observed  that  whilst  the  intra-lobular  bars  near 
the  periphery  of  the  lobule  had,  like  the  capsule,  the  fibrillated 
character  of  areolar  tissue,  as  they  approached  the  central  r^on 
they  had  a  very  delicate  membrane-like  structure.  In  the  peripheral 
imrt  of  the  lobule  the  presence  of  a  sustentacular  connective-tissne 
framework,  quite  distinct  from  the  network  of  capillary  blood- 
vessels, could  be  demonstrated  without  difficulty;  but  in  the  more 
central  part  of  the  lobule,  it  was  not  possible  for  me,  in  the  condition 
of  the  specimen,  to  state  precisely  if  the  membrane-like  structure 
was  distinct  from,  or  blended  wi^,  the  wall  of  the  oapiUariea.  I 
was  unable  also  to  determine  whether  any  relation  existed  between 
this  framework  and  the  inter-lobular  branches  of  the  hepatic  duct, 
or  the  intra-lobular  biliary  passages.  Though  these  notes  are  im* 
2)erfect  therefore  in  these  pa^culars,  they  may  serve  to  direct  the 
attention  of  observers  who  may  have  the  opportunity  of  examining 
fresh  specimens,  to  the  liver  of  the  camel  as  an  organ  which,  from 
the  great  development  of  the  framework  of  connective  tissue,  deserves 
to  be  more  thoroughly  investigated. 
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A  CONTRIBUTION  TO  THE  MINUTE  ANATOMY  OF 
THE  HUMAN  RETINA  By  R.  Mabcus  Qvm,  M.A, 
MJB.  (Edin.).    (Plate  xxi.) 

[From  the  Physiohgicdl  Laboratory^  University  CoUege,  London.] 
(See  Note  and  Explanation  of  Plate,  p.  616.) 

The  object  of  the  present  paper  is  to  describe  an  apparently 
direct  connection  between  the  cones  of  the  retina  and  cer- 
tain of  the  corpuscles  of  the  inner  nuclear  (granule)  layer. 
It  will  be  useful  to  preface  the  description  by  giving  a  short 
explanation  of  some  of  the  terms  employed. 

The  rods  and  cones,  seated  on  the  limitans  externa^  are 
each  prolonged  by  a  straight  fibre — ^finer  in  the  case  of  the 
rods  than  in  that  of  the  cones — which  passes  directly  through 
the  external  nuclear  (''granule'')  layer  (one  of  the  granules  of 
which  is  interpolated  in  the  course)  as  far  as  the  external 
molecular  (intergranular)  layer.  Having  attained  the  outer 
surface  of  this  layer  each  fibre  ends  in  a  well-marked  en- 
largement, which  may  be  termed  the  rod-fibre  enlargement,  or 
the  cone-fibre  enlargement,  as  the  case  may  be;  or,  more 
shortly,  the  bulb  of  the  rod-  or  cone-fibre.  The  bulbs  of  the 
rod-fibres  seem  like  exaggerations  of  the  minute  varicosities 
these  fibres  exhibit  at  intervals  along  their  course,  and  they 
have  a  rounded  or  oval  shape.  The  bulbs  of  the  cone-fibres, 
on  the  other  hand,  are  larger  and  much  better  characterized. 
Their  shape  is  pyramidal  with  the  base  resting  on  the  external 
molecular  layer ;  and  from  the  basal  margin  various  observers 
have  described  fine  fibres  extending  a  short  distance  into  and 
becoming  lost  in  that  layer. 

Of  the  elements  to  be  found  in  the  internal  nuclear  (granule) 
layer  at  least  three  or  four  distinct  kinds  have  been  described. 
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Those  which  are  the  most  numerous,  and  of  whicli  alone  we 
shall  have  occasion  to  speak,  are  bipolar  cells  with  the  one 
process^^the  outer — extending  outwards  towards  and  into  the 
external  molecular  layer,  and  the  other  process — ^the  inner — 
passing  inwards  into  the  substance  of  the  internal  molecular 
layer.  Into  the  internal  molecular  layer  extend  also  the 
branching  processes  of  the  cells  of  the  ganglionic  layer,  tending 
towards  the  internal  nuclear  layer. 

It  has  generally  been  believed,  by  Max  Schultze  and  most 
of  the  recent  writers  on  the  retina^  that  a  connection  exists 
between  the  ganglion-cell-processes  and  the  inner  processes  of 
the  internal  '^ granules"  on  the  one  hand,  and  between  the 
outer  processes  of  the  internal  ''granules"  and  the  rod-  and 
cone-fibres  on  the  other ;  but  this  connection  has  always  been 
assumed  to  take  place  through  the  medium  of  a  network  of 
numerous  and  exquisitely  fine  fibrils,  derived  from  the  branch- 
ing  of  the  fibres  and  cell-processes  above  referred  to,  and  seated 
in  the  outer  and  inner  molecular  layers  respectively. 

From  the  study  of  sections  of  the  human  retina  prepared 
with  osmic  acid,  and  subsequently  hardened  in  alcohol,  I  have 
been  able  to  convince  myself  that  a  far  more  direct  connection 
than  that  hitherto  conjectured,  subsists  between  the  outer  pro- 
cesses of  some  of  the  internal  "granules"  and  the  terminal 
enlargements  or  bulbs  of  the  cone-fibres.  It  has  in  fact  been 
possible,  in  numerous  instances,  to  trace  the  outer  process  of 
one  of  the  granules  in  question  through  the  external  molecular 
layer  immediately  into  the  bulb  of  a  cone-fibre  (Plate  xil 
Figs.  2 — 6).  The  connecting  fibre,  which  is  often  tapering, 
generally  passes  to  one  of  the  edges  of  the  bulb.  It  is  some- 
times comparatively  broad  and  ill-defined  (Fig.  4),  at  other 
times  finer  but  much  more  distinct,  and  may  then  take  a  some- 
what wavy  course  (Fig.  2),  and  have  a  more  oblique  direction ; 
but  it  is  possible  that  these  differences  of  appearance  depend 
upon  the  aspect  from  which  the  connecting  fibre  happens  to 
be  viewed.  Occasionally,  but  rarely,  the  bulb  of  a  cone-fibre 
has  seemed  to  receive  two  such  processes,  one  at  either  side 
(Stu,  Fig.  4),  and  it  is  not  unlikely  that  this  may  be  the  normal 
state  of  the  case  in  all,  the  second  connection  having  been 
severed  in  making  the  sections. 
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In  some  instances  (perhaps  in  every  case)  the  outer  pro- 
cess of  the  inner  "granule"  bifurcates  close  to  or  within  the 
substance  of  the  external  molecular  layer\  and  it  has  occa- 
sionally been  possible  to  follow  one  at  least  of  the  resulting 
branches  into  the  bulb  of  a  cone-fibre  in  the  manner  above 
described.  Whether  the  other  branch  ends  in  the  bulb  of 
another  cone-fibre  I  have  been  unable  to  determine.  In  one 
case  at  least  it  appeared  to  divide  again  into  two  or  three  very 
fine  branches,  and  these  seemed  rather  to  tend  towards  the 
bulbs  of  adjacent  rod-fibres,  but  a  connection  with  them  could 
not  be  distinctly  perceived :  if  it  exists  at  all  it  must  be  of 
excessive  delicacy. 

Lastly,  I  would  mention  that  in  a  solitary  instance  I  ob- 
served what  appeared  to  be  a  direct  continuation  of  a  branch  of 
one  of  the  ganglion-cells  of  the  ganglionic  layer  into  the  inner 
end  of  one  of  the  internal  "granules"  (Fig.  3);  this,  on  the 
other  hand,  by  its  outer  process  was  in  connection  yfRh  the 
bulb  (d)  of  a  cone-fibre,  in  the  manner  above  described,  kt  the 
same  time  I  am  not  prepared  to  lay  too  much  stress  on  this 
observation.  For  in  the  first  place  it  is,  as  just  mentioned, 
solitary ;  and  secondly,  by  the  method  of  preparation  adopted, 
the  ganglion-cells  and  their  processes  exhibit  nearly  the  same, 
or,  if  anything,  a  rather  less  amount  of  staining  than  the  sub- 
stance of  the  internal  molecular  layer  in  which  they  are  em- 
bedded ;  and  this  fact  renders  the  course  of  their  branches  very 
much  more  difficult  to  trace. 

It  was  found  possible  to  obtain  sections  of  retina  of  the 
extreme  thinness  requisite  for  such  an  investigation  as  the 
present  only  by  the  employment  of  the  cacao-butter  method  of 
embedding".  The  chief  difficulty  otherwise  experienced  was  in 
making  the  plane  of  section  exactly  vertical  to  the  surfaces  and 
corresponding  with  the  direction  of  inclination  of  the  fibres  in 
the  retina.  The  connections  described  were  investigated  with 
the  highest  obtainable  power*. 

^  Ocoftsionally,  as  Mr  Hulke  bas  sliown,  instead  of  a  single  bifurcating  onter 
process  two  separate  fibres  are  observed  to  pass  in  an  outward  direction  £rom 
one  of  tbe  inner  granules. 

•  See  Mr  Scbafer's  description  in  this  Journal^  Vol.  x.  p.  776. 

>  Tbe  no.  12  immersion  of  Hartnack  was  tbe  objective  mostly  used  for  this 
purpose. 
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ON  THE  CHANGES  OF  THE  BLOOD-STREAM  IN 
MUSCLES  THROUGH  STIMULATION  OF  THEIR 
NERVES.  By  W.  H.  Gaskell,  M.A.  (Plates  xuL 
and  XIV.) 

An  observation  of  Sozelkow*  caused  Sadler'  to  estimate  the 
rapidity  of  the  outflow  of  blood  from  the  open  vein  of  a  muscle^ 
before^  during  and  after  the  tetanus  of  the  latter.  His  experi- 
ments  show,  with  absolute  certainty,  that  stimulation  of  a 
muscle-nerye,.at  the  same  time  that  it  causes  a  shortening  of 
the  muscular  fibres,  produces  a  considerable  effect  upon  the 
blood-flow  through  the  vessels  of  the  muscle,  the  flow  in  fact 
being  quickened.  It  was  not,  however,  possible  by  means  of 
Sadler's  method  of  experimentation,  to  represent  at  all  accu- 
rately the  relations  between  the  changes  in  the  form  of  the 
muscle  and  in  the  rate  of  the  blood-stream  from  time  to  time,  a 
circumstance  which  was  probably  the  essential  reason  why  he 
did  not  succeed  in  coming  to  any  positive  conclusion  as  to  the 
cause  of  the  quickening  of  the  stream.  Since,  however,  the 
present  means  at  our  disposal  enable  us  to  fill  up  the  gaps  in 
his  observations,  I,  at  the  suggestion  of  Prof.  Ludwig,  of 
Leipzig,  again  took  up  the  subject 

My  method  of  experimentation  agreed  with  Sadler's  so  far, 
that  I  too  measured  the  amount  of  blood  flowing  out  of  the 
vein  of  a  muscle  before,  during,  and  after  the  contraction  of 
the  same.  In  other  respects,  however,  it  differed  fi*om  former 
methods  so  widely,  that  I  feel  obliged  to  give  a  more  detailed 
description  of  it. 

Instead  of  the  biceps  femoris  muscle  I  used  in  the  majority 
of  cases  the  quadriceps  extensor  group  of  muscles,  the  vein 
used  being  that  one  which  collects  the  main  part  of  the  blood 
from  the  vasti  and  crureus  muscles,  see  PL  xiil.  vL  Since  this 
vessel  receives  in  addition  only  a  moderately  sized  branch  from 
the  gluteus,  and,  dose  to  this,  a  very  small  branch  from  the 
skin  on  the  outer  side  of  the  trochanter,  it  is  essentially  a 

1  WUner  Akad,  SiUsungtheriehte^  45.  Bd. 

*  Arheiten  au$  derphya.  An$talt  xu  Leipzig,  1S69. 
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muscle-veiiu  Neax  its  mouth,  often  in  fact  united  with  it, 
a  second  branch  opens  into  the  femoral  vein,  which  too  receives 
its  blood  from  the  anterior  parts  of  the  thigh,  see  PI.  xiil.  vii. 
This  second  branch,  which  collects  the  blood  of  the  rectus, 
sartorius,  and  tensor-vaginae-fasciad  muscles,  receives  also  a  con- 
siderable supply  from  the  skin  covering  those  muscles.  There- 
fore this  division  of  the  so-called  anterior  thigh-vein  was 
intended  not  to  be  used;  however,  in  consequence  of  the 
intimate  connection  of  the  two  branches  and  their  gradual 
origin  from  their  sources,  it  was  not  possible  to  predict  before- 
hand the  limits  of  the  muscular  tract  made  use  o£  This  was, 
therefore,  always  determined  by  subsequent  dissection,  the  re* 
suit  of  which  I  can  here  assert  to  be,  that  in  all  cases  the 
sources  of  the  bloodnstream  under  observation  were  most  pre- 
ponderatingly  the  three  great  muscles,  vastus-intemus,  vastus* 
eztemus  and  crureus. 

In  order  to  prepare  this  vein,  which  we  may  call  for  short 
the  extensor  vein,  for  our  experiment  and  especially  to  make 
sure  that  the  blood  collected  came  only  from  the  above-men- 
tioned muscles,  I  proceeded  as  follows,  after  the  £ashion  shown 
in  PI.  XIIL  The  trunk  of  the  femoral  vein  was  laid  bare  by 
means  of  a  sufficiently  long  incision  in  the  skin,  beginning 
straight  over  Poupart*s  ligament,  carefully  freed  from  connective 
tissue  with  blunt  instruments,  and  ligatured  in  the  middle  of 
its  course  along  the  thigh.  Then  all  the  other  veins  that 
empty  themselves  into  the  femoral  between  the  middle  of  the 
thigh  and  Poupart's  ligament  were  tied,  with  the  exception  of 
what  I  have  called  the  extensor  vein.  Two  strong  threads 
were  now  placed  under  the  femoral,  at  a  distance  of  one  to  two 
centimeters  above  and  below  the  mouth  of  the  extensor  vein 
respectively,  PL  xiil  si,  SIL  The  lower  thread  sn  was  then 
tied  round  the  femoral  in  a  slip-knot,  and  the  vein  itself  opened 
at  a  suitable  distance  below  this  ligature.  Before  the  canula, 
which  I  shall  shortly  describe,  was  inserted  into  this  opening, 
I  made  certain  whether  or  no  a  valve  existed  between  the 
mouth  of  the  extensor  vein  and  this  opening ;  its  presence 
was  easily  proved  by  loosening  the  slip-knot  round  the  femoral 
below  the  extensor  vein,  and  at  the  same  time  lifting  the 
upper  ligature  until  the  lumen  of  the  femoral  was  closed.    If 
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the  blood  did  not  then  flow  out  of  the  openings  below  the 
extensor  vein  in  a  full  stream^  the  obstruction  in  the  shape  of  a 
valve  was  broken  down  by  means  of  some  blunt  instrument 
This  operation  was  necessaiy  only  once  or  twice.  As  soon  as  it 
was  clear  that  there  was  no  obstruction  here,  the  lower  of  the 
two  threads  sii  was  again  tied  in  a  slip-knot,  and  at  the  same 
time  the  upper  closure  of  the  main  venous  trunk  removed. 

The  canula  that  was  used  consisted,  as  Fig.  2  on  PL  xiv. 
shows,  of  two  tubes  made  of  German-silver,  fitting  into  one 
another,  the  one  JL-shaped  (a),  and  the  other  a  tube  bent  at 
right  angles  (6),  with  its  shorter  arm  drawn  to  a  fine  point. 
These  two  tubes  were  fixed  together,  so  that  the  shorter  arm  €i 
the  bent  tube,  which  stood  horizontal  during  the  experiment, 
was  tightly  fixed  into  the  short  limb  of  the  J.-shaped  tube.  By 
this  arrangement^  as  the  figure  shows,  there  was  a  space  left 
between  the  two  portions  of  the  tubes  that  were  inserted  into 
each  other;  and,  therefore,  it  was  possible  for  a  fluid,  pressing 
towards  the  open  mouth  of  the  horizontal  arm  of  the  X-tube, 
to  find  its  way  at  the  same  time  through  the  vertical  limbs  of 
the  X  ^^'^  ^^®  bent-tube.  In  order  conveniently  to  separate 
the  two  tubes  from  one  another,  we  will  call  the  X-tube  the 
"blood-canula,"  and  the  bent  tube  the  "  wash-canula." 

The  two  canulaB,  made  out  of  glass  or  German-silver^  were 
tied  into  the  opening  in  the  femoral  vein,  with  their  mouths 
directed  towards  the  abdomen,  PI.  xili.  c.  In  consequence  of 
the  nature  of  the  spot  chosen,  it  was  possible  at  will  to  turn 
the  flow  of  blood  from  the  extensor  vein  either  into  its  natural 
direction  towards  the  heart,  or  else  into  the  canula,  without 
checking  the  blood«flow  out  of  the  muscles  for  a  single  moment. 
By  lifting  the  upper  ligature-thread,  after  having  loosened  the 
lower  slip-knot,  the  stream  was  turned  towards  the  canula, 
whilst  by  reversing  the  action,  the  blood  flowed  on  towards  the 
heart.  At  no  time,  therefore,  was  the  blood  forced  back  into 
the  veins,  so  that  not  only  was  it  possible  to  commence  the 
measuring  of  the  outflow  at  any  point  one  chose,  but  also  there 
was  the  great  advantage,  that  the  elasticity  and  irritability  <^ 
the  walls  of  the  vessels  were  not  affected,  as  according  to  my 
experience  is  quickly  the  case,  when  the  blood  stagnates  in  the 
jnuscle,  owing  to  a  stoppage  of  the  vein*  * 
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The  nature  of  the  canula  allowed  of  a  more  effective  use 
of  the  washing-out  apparatus  which  Sadler  used.  This  latter 
consists,  as  Fig.  1  on  PL  xrv.  shows,  of  a  globe  a  filled  with  a 
solution  of  carbonate  of  soda^  which  poured  out  through  the 
indiarubber  tube  h  ch  into  the  vertical  arm  d  of  the  wash- 
canula,  whenever  the  position  of  the  cock  c  permitted  it  This 
washing-out  apparatus  was  naturally  only  put  into  action,  after 
the  femoral  vein  had  been  closed  by  the  ligature  between  the 
canula  and  the  opening  of  the  extensor  vein.  When  this  had 
been  done  and  the  cock  c  left  open,  the  carbonate  of  soda  solution 
flowing  out  of  the  mouth  of  the  wash-canula  was  able  to  pass 
into  the  stump  of  the  vein,  and  from  thence  into  the  vertical 
limb  e  of  the  blood-canula.  Since  the  manipulation  necessary 
for  this  could  be  effected  easily  and  quickly,  one  could  always 
convince  oneself  of  the  absence  of  a  clot,  or  get  rid  of  one 
when  present.  In  none  of  the  experiments  therefore,  which 
form  the  basis  of  the  following  communication,  is  there  the 
slightest  suspicion  of  any  error  due  to  a  clotting  of  the  blood. 
Also  the  way  the  canula  is  inserted,  in  consequence  of  which 
there  is  never  any  interruption  of  the  stream  out  of  the 
muscles,  still  further  obviates  this  objection,  for,  owing  to  this 
arrangement,  there  can  never  be  any  danger  of  a  clotting  of 
the  contents  of  the  extensor  vein ;  and  therefore,  if  there  is 
no  clot  present  between  its  opening  into  the  femoral  and 
the  point  of  insertion  of  the  canula,  there  can  also  be  no 
clot  in  the  whole  tract  of  the  experiment. 

When  the  amount  of  blood  coming  out  of  the  extensor 
vein  was  to  be  measured,  the  cock  c  was  shut,  the  slip-knot 
sil  below  the  extensor  vein  opened,  and  the  thread  Si  above 
it  tightened.  The  blood  immediately  gushing  out  of  the  vein 
passed  through  the  limb  e  of  the  canula  and  from  there  reached 
the  flask  /,  which  was  filled  with  a  solution  of  carbonate  of 
soda,  forcing  out  of  it  a  corresponding  portion  of  its  contents, 
which  passed  through  the  indiarubber  tube  g  to  the  glass  bent 
tube  k.  From  the  mouth  of  this,  which  was  directed  down- 
wards and  which  stood  some  few  millimeters  below  the  level 
of  the  vein,  the  fluid  poured  into  the  wider  limb  of  the  XT- 
shaped  tube  ikl  and  raised  the  marker  which  floated  in  the 
narrower  limb.     This  marker  recorded  in  the  usual  way  all 
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variations  of  position  upon  a  roll  of  paper  moving  with  known 
xapidity  in  firont  of  its  pen.  In  order  to  suit  this  apparatus 
to  the  volume  of  the  blood-flow,  two  tubes  i  and  m  of  different 
diameters  were  fixed  on  that  end  of  the  U-shaped  apparatus^ 
which  was  turned  towards  the  animal,  either  of  which  could 
be^cut  off  at  pleasure  from  the  connection  with  the  nanow 
tube.  In  the  ease  of  small  dogs  the  blood  was  conducted  into 
the  narrower  tube  %  throughout  the  whole  course  of  the  experi- 
ment. When  this  was  used  a  volume  of  0*33  ccm.  corre- 
sponded to  a  rise  of  one  millimeter  of  the  marker.  In  the 
case  of  larger  animals  the  tube  m  was  used  at  the  banning 
of  the  experiment ;  in  this  case  a  rise  of  one  millimeter  of 
the  marker  corresponded  to  0*52  ccm.  of  fluid.  If  the  larger 
animal  in  the  course  of  the  experiment  bad  suffered  a  consider- 
able loss  of  bloody  then  the  wide  tube  was  changed  for  the 
narrow  one.  In  order  to  be  able  to  empty  the  measure-glass 
quickly,  there  was  added  to  the  horizontal  limb  of  the  U-tabe 
an  outflow  opening  u,  which  could  be  closed  by  a  clip.  If  in 
the  course  of  the  experiment  so  much  blood  became  mixed 
up  with  the  contents  of  the  flask  f,  that  there  was  reason 
to  fear  the  formation  of  clots  in  it,  it  was  necessary  to  renew 
the  carbonate  of  soda,  which  was  easy  to  do  by  using  aa 
indiarubber  stopper,  with  which  to  close  the  flask. 

By  means  of  the  above-described  method,  the  amount 
flowing  out  will  it  is  evident  be  estimated  accurately,  but 
the  moment  of  time  of  the  outflow  from  the  vein  and  the 
rise  of  fluid  in  the  tube  carrying  the  pen  will  not  exactly 
correspond,  owing  to  the  indiarubber  tubing  inserted  between 
the  two.  I  make  tiiis  remark  rather  to  obviate  the  charge 
of  an  oversight,  than  because  I  imagined  that  such  a  slight 
disagreement  in  the  correspondence  of  the  time  could  con- 
stitute a  noteworthy  error  in  the  experiment. 

The  nerves  which  supply  the  vasti  and  crureus  muscles 
run,  as  is  known,  in  the  trunk  of  the  crural  nerve,  which  is 
easy  to  find  underneath  Poupart's  ligament  on  the  outer  side 
of  the  ileo-psoas  muscle,  see  PL  xiii.  n.  After  the  nerve  had 
been  foimd,  the  electrodes  imbedded  in  gutta-percha  were 
placed  round  it,  either  before  or  after  section  of  the  same. 
The  stimulation  of  the  nerve  by  means  of  the  interrupted 


rssxwm—^ — r- 


CHANGES  OF  BLOOD-STBEAM  IK  MUSCLES.  365 

current  commenced  every  time,  after  the  nerve  had  first  been 
cut  and  fixed  by  means  of  a  thread  to  the  cover  of  the  elec* 
irodes.  In  order  during  the  coarse  of  the  experiment  to  be 
certain  about  the  position  of  the  electrodes,  their  gutta-percha 
casing  was  firmly  sewed  to  the  skin,  and  the  wound  that  was 
necessary  for  the  laying  bare  of  the  nerve,  carefully  sewed  up. 

The  tract,  which  this  nerve  supplies,  does  not  exactly  cor- 
respond with  that,  from  which  the  vein  that  is  used  takes 
its  origin ;  for  our  vein  collects  a  small  part  of  its  blood  from 
the  glutei  as  welL  Undoubtedly  the  accuracy  of  a  comparison 
between  the  amount  of  blood  Bowing  out  of  the  muscle  masses, 
when  at  rest  and  when  in  action,  is  influenced  in  consequence. 
That  however  the  value  of  the  conclusions  arrived  at  in  the 
following  pages  is  not  damaged  thereby,  is  clearly  shown  in 
the  course  of  the  paper.  For  its  iotentioil  is,  not  to  find 
out  the  absolute  amount  of  blood  which  has  flowed  in  a  unit 
of  time  through  a  given  muscle  at  rest,  or  in  action,  or  just 
after  action;  and  it  is  only  the  value  of  this  estimate  that 
can  be  influenced  by  the  want  of  correspondence  between  the 
tract  supplied  by  the  nerve  and  that  of  the  vein.  On  the 
other  hand,  the  time  at  which  any  change  in  the  blood-stream 
occurs  cannot  be  affected. 

Lastly,  to  complete  my  remarks  about  the  method  of  pre* 
paration,  it  is  only  necessary  to  add,  that  all  the  animals  ex- 
perimented on  with  the  exception  of  a  single  one  were  not 
under  the  influence  of  any  poison ;  that  the  beginning  and 
end  of  the  nerve-stimulation  was  marked  below  the  marker 
of  the  float  on  the  roll  of  paper,  and  that  sometimes  the  arte* 
rial  pressure  was  estimated  by  means  of  a  manometer.  At 
the  end  of  the  experiment  then,  there  was  traced  on  the  roll 
of  paper,  the  time  in  seconds,  the  duration  of  the  stimulation, 
and  the  variations  of  the  rate  of  outflow  of  the  blood  from  time 
to  time.  This  latter  was  represented  by  a  curve  ascending 
with  different  degrees  of  steepness.  In  order  from  this  curve 
to  obtain  an  expression  in  numbers  of  the  variations  in  the 
rate  of  flow,  lines  were  drawn  through  it  at  intervals  corre* 
spending  to  five  seconds,  at  right  angles  to  the  abscissa  of  the 
curve,  and  the  heights  of  these  ordinates  measured.  The 
difference  between  the  lengths  of  two  consecutive  ordinates 
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gave  a  means  of  estimating  the  amount  of  blood  that  had 
poured  out  in  this  time,  while,  as  already  mentioned,  the  rise 
of  a  millimeter  corresponded  to  either  0*52,  or  0*35  acm.  of 
blood.  For  convenience  sake,  another  series  of  curves  waa 
constructed  from  the  numbers  so  obtained,  in  which  the  ordi-* 
nates  represent  the  mean  rate  of  flow  for  every  five  seconds. 
If  however,  as  often  happens,  the  rate  alters  in  different  di- 
rections during  the  course  of  five  seconds,  and  therefore,  if  one 
were  to  take  a  mean  value  for  the  rate  during  this  particular 
five  seconds,  essential  peculiarities  of  the  observation  would 
be  omitted,  this  particular  period  was  again  divided  up  into 
periods  corresponding  to  the  variations  of  the  rate.  In  order 
to  obtain  ordinates  for  the  amounts  of  this  outflow,  which  was 
measured  for  a  shorter  time,  that  should  be  of  the  same  value 
as  the  others,  each  one  was  calculated  at  the  rate  of  five 
seconds  duration. 

Since  it  is  possible  to  conduct  the  blood  out  of  the  vein 
into  the  measure-glass  for  longer  than  sixty  seconds  at  a  time 
without  having  to  fear  clotting,  one  obtains  a  continuous 
tracing  of  the  outflow  before,  during,  and  after  the  tetanus. 
Now,  even  though  for  the  whole  of  this  time  the  blood  is 
flowing  out  through  the  canula,  still  it  is  impossible  to  con* 
tinue  the  tracing  without  interruption  in  those  cases,  where 
the  capacity  of  the  measure-glass  is  not  great  enough  to  hold 
the  whole  amount  of  blood  poured  out.  Since,  however,  owing 
to  the  arrangement  I  have  described  above,  one  can  empty 
the  measiire-glasses  without  interrupting  tiie  inflow  to  them, 
the  experiment  is  not  disturbed,  and  the  length  of  time  during 
which  the  tracing  is  missing  is  always  quite  short ;  and,  if  it 
happens  that  no  sudden  changes  of  rate  occur  during  this  time, 
it  is  easy  to  interpolate  the  gaps  in  the  curve.  In  the  wood« 
cuts  illustrating  this  paper,  the  interpolated  pieces  are  dis- 
tinguished by  a  dotted  line. 

1.  The  stream  through  the  muscles  at  rest  with  nerve 
uncut. — Safe  conclusions  about  the  variations  in  the  blood- 
stream through  a  muscle  during  its  excitation  and  exhaustion 
can  only  be  drawn,  if  there  is  a  regular  steady  outflow  when 
its  fibres  are  at  rest.  One  must,  therefore,  above  all  be  sure  of 
this  fact. 
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SupposiDg  that  one  leaves  the  nerve  either  before  or  after 
section  absolutely  untoachedy  and  that  the  animal  throughout 
remains  quiet,  then,  as  a  matter  of  fact,  the  stream  from  the 
vein  flows  with  nearly  absolute  regularity.  In  order  to  give 
the  reader  an  idea  of  the  strength  of  the  flow,  I  insert  the 
following  series  of  figures,  to  which  I  would  remark,  that  the 
animals  which  furnished  them  remained  quite  quiet  during 
.the  experiment,  and  that  the  crural  nerve  was  uninjured. 


Weight 

of  the 

animftl. 


12-8  kilo. 
9-4    ,. 

32-5    „ 
16-4    .. 


Outflow  for  every  5  see.  in  com. 
Maximnm.!  Minim  nm.      Mean. 


9-9 


f» 


20-0    „ 


S-64 
2-17 

2-86 
1-80 


1-96 

0-91 
1-56 


1-95 
0-95 

1-82 
0-90 

117 

0-52 

1-04 


2-43 
1*39 

2-37 

104 

1-46 

0-61 
1-28 


Duration 

of  the 

obs. 


75  860. 

65  „ 

40  „ 

25  „ 

26  M 

60  „ 

40  „ 


Bemarka. 


TherariatiouBfollow  quite 
irreguhurly. 

The  rate  of  flow  diminishes 
with  the  duration  of  the 
experiment. 

The  variationB  follow  a- 
regularly. 

The  rate  of  flow  diminishes 
with  the  duration  of  the 
experiment. 

Curare.  The  rate  dimin- 
ishes with  the  duration 
of  the  experiment. 

The  yariations  follow  ir- 
regularly. 

The  variations  follow  with- 
out regularity. 


These  figures  show  no  greater  variations  than  are  also 
observed  in  other  organs,  where  the  vessels  are  situated  in 
a  less  moveable  substance.  It  is  noteworthy,  that  the  same, 
or  at  least  approximate  values  return,  after  any  interference 
whatever  has  driven  the  strength  of  the  stream  far  out  of  its 
original  limits.  This  naturally  holds  good,  only  when  the 
loss  of  blood  has  not  been  too  great  in  comparison  with  the 
whole  amount  which  the  animal  originally  possessed,  and  when 
also  a  pause  of  some  few  minutes  has  elapsed  between  the 
influence  that  has  altered  the  flow  and  the  renewal  of  the 


measunng. 


In  the  above  series  of  figures  it  often  happens,  that  the. 
rate  of  outflow  diminishes  with  the  duration  of  the  experiment. 
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We  shall  meet  with  a  similar  occurrence  later  on,  following 
upon  the  section  of  the  nerve.  If,  after  the  strength  of  the 
blood-flow  through  the  canula  has  markedly  diminished,  one 
turns  the  latter  again  into  its  natural  course,  and  then,  after 
it  has  streamed  for  five  to  ten  minutes  towards  the  heart, 
diverts  it  a  second  time  into  the  canula,  it  often  happens 
that  it  again  flows  at  its  original  rata  This  again  diminishes 
with  the  duration  of  the  experiment  as  in  the  former  case. 
One  might  attribute  this  peculiar  occurrence  to  the  smaller 
resistance  met  by  the  flow  through  the  canula  and  in  conse- 
quence to  the  muscle  emptying  itself  of  a  stored-up  supply 
of  blood,  if  there  were  not  many  aiguments  that  could  be 
nused  up  against  this  hypothesia  Among  others,  besides  the 
inconstancy  of  the  occurrence,  I  reckon  the  fact,  that  the 
original  velocity  does  not  return  when  the  stream  has  flowed 
in  the  normal  direction  for  only  one  or  two  minutes,  a  time» 
which  must  surely  have  been  long  enough  for  the  vessels  of 
the  muscle  to  have  again  approximated  to  their  original  degree 
of  fuhiess.  The  true  reason  for  the  phenomenon  remains  un- 
known to  me. 

2.  The  variations  in  the  stream  in  consequence  of  section 
of  the  nerve. — The  section  of  the  nerves  which  supply  the 
muscles  under  observation  acts  upon  their  blood-stream  in  a 
peculiar  manner,  about  which  Sadler  has  given  us  some  infor- 
mation. I  can  amplify  his  observations  in  many  points,  since 
I  have  repeatedly  succeeded  in  cutting  the  nerve,  without 
interrupting  the  measurements  of  the  outflow,  which  had  al- 
ready lasted  some  time.  The  phenomena,  which  occur  after  ihe 
section,  ought  naturally  to  be  attributed  to  that  only,  or  at  least 
essentially,  when  that  operation  has  been  performed  so  quickly 
and  cleanly,  that  only  a  temporary  contraction  of  the  muscle 
is  caused  and  no  symptoms  of  a  painful  sensation.  I  will  now 
detail  more  fully  one  of  the  three  observations,  which  have 
succeeded  under  these  conditions. 

Nerve  uninjured ;  there  flowed  out  every  6  seconds 

0  to  5    5—10    —15    —20    —25    —30    —85    —40  seconcU. 

2'9      2  9     1*8     20    2-3     2-5     2*6    2*6  mean  for  5  sec 

2*4  ccm. 
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The  nerve  was  cut,  the  muscles  contracted  slightly  and 
temporarily;  signs  of  pain  entirely  absent.  The  measurement 
of  the  outflow,  which  continued  without  interruption,  gave  for 
every  5  seconds 

Otofi   5—10   —15   20—25   —80   45—50   —65   —60   —65   —70   —75860, 

4-4     60     80    14-6    122    9-6      87    73    65    6'2  3-6c.cm. 

During  the  time  from  the  15  to  the  20  seconds,  and  from  the 
30  to  the  45  seconds,  the  outflow  through  the  canula  continued 
but  could  not  be  measured. 

After  the  outflow  through  the  canula  had  lasted  for  75 
seconds  since  the  section,  the  blood-stream  was  turned,  for 
the  space  of  a  minute,  towards  the  heart,  and  in  the  mean- 
while the  canula  and  the  stump  of  the  vein  up  to  the  lower 
ligature  was  washed  out  with  carbonate  of  soda. 

The  flow  from  the  canula  commenced  anew  135  seconds 
after  the  section  of  the  nerve^  and  there  streamed  out  every 
5  seconds 

185  to  140  —145         —150  soooncU. 

2-5  2-3  2-8  ccm. 

Up  to  this  point  the  animal  had  lost  157  ccm.  of  blood,  that  is, 
about  0'7  per  cent,  of  his  body  weight.  The  mean  pressure  in 
the  carotis  was  156  mm.  hg. 

After  the  blood-stream  had  now  flowed  on  in  the  direction 
of  the  heart  for  12  minutes,  it  was  again  let  run  through  the 
canula,  and  there  flowed  out  every  5  seconds 

0to5     — 10     —15      —20     —25      —80     — 85  seoonds. 

61       61      5-1      4-3      40      3-6      36  ccm. 

The  possible  presence  of  a  clot  was  now  put  to  the  proof,  and 
the  washing  out  of  the  canula  showed  no  trace  of  one. 

We  see  then,  that  the  outflow  altered  after  the  section  of 
the  nerve  in  such  a  manner,  that  it  increased  very  quickly  in 
rapidity  during  the  first  20  seconds,  until  the  amount  had 
reached  6  times  that  given  out  when  the  nerve  was  uninjured. 
After  this  maximum  rate  was  reached,  it  sank  in  the  course  of 
a  minute  to  near  its  value  before  the  section  of  the  nerve. 
This  latter  operation  then  caused  a  temporary  quickening  of 
the  stream.  In  the  above  experiment,  the  section  of  the  nerve 
appears  to  have  a  lasting  effect  as  well  as  a  temporary  one,  for, 
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14  minutes  after  the  section,  the  blood  still  flowed  m<wre  fully 
than  before  that  operation,  though  decidedly  slower  than  during 
the  first  30  seconds  after  the  same.  In  one  other  of  the  three 
above-mentioned  cases,  precisely  what  I  have  described  occurs 
again,  while  in  the  third,  there  is  this  difference,  that  the 
ptream,  which  was  considerably  augmented  shortly  after  the 
section,  gradually  returned  again  to  the  exact  strength  which 
it  possessed  before  the  nerve  was  touched.  In  this  case  then, 
only  the  temporary  and  not  the  lasting  quickening  of  the  stream 
was  manifested.    The  Mowing  figures  show  this. 

Nerve  uninjured ;  there  flowed  out  every  5  seconds 

0  to  6  —10  —15  —20  —25  —30  46—60  -^5  —60  —66  —70  seoonda. 

2-5    2-3    2-2    2-2    20    22    23     27    3*6    25   2-2  mean  for 

6  sea  2'4f  c.cm. 

The  nerve  was  cut,  the  muscles  contracted  feebly ;  no  signs 
of  pain.  The  measurement  of  the  outflow,  which  continued 
without  interruption  during  the  section,  gave  for  every  5 
seconds 

0  to  5      —10      —16      —20      —26      —80      —86  seconds. 

1-6      101     9-2      70     4-4      3-8      33  ccm. 

After  the  outflow  had  continued  through  the  canula  for 
110  seconds  and  81  ccm.  of  blood  =  0*6  per  cent,  of  body  weight 
had  been  expended,  the  blood-stream  out  of  the  muscle  was 
directed  towards  the  heart  After  the  stream  had  now  lasted 
10  minutes  in  the  normal  direction,  and  the  mean  pressure  in 
the  carotis  was  found  to  be  122  mm.  hg.,  the  outflow  through 
the  canula  recommenced,  and  gave  in 

0  to  6  — 10  seconds. 

2-3  2-2  ccm. 

Besults  similar  to  these,  though  naturally  not  so  fully  de- 
tailed, appear  whenever  the  measurement  of  the  blood-flow, 
immediately  before  and  after  the  section,  was  unavoidably 
interrupted  for  some  30  seconds,  supposing  only,  that  the  ani^ 
mal  had  not  been  too  unquiet  during  the  manipulation  pre- 
paratory to  this  operation.  All  the  observations  which  were 
made  in  this  manner,  show  quite  clearly  the  great  temporary 
increase  of  flow,  while  the  lesser,  but  more  enduring  rise,  is 
manifest  in  some,  but  is  wanting  in  others. 
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In  seeking  after  the  cause  of  the  strong  temporary  increase 
of  flow,  it  is  possible  to  attribute  it  either  to  a  direct  action  of 
the  nerves  on  the  vessels  of  the  muscles,  or  to  a  secondary 
action  effected  by  the  contracting  muscle-mass  on  the  walls  of 
the  vessels.  In  agreement  with  Sadler,  I  must  confess,  that 
such  a  passing  contraction  as  is  caused  by  the  mere  section 
of  the  nerve,  seems  to  me  to  afford  no  sufficient  ground  for 
such  a  marked  swelling  of  the  blood-flow.  Of  this  we  shall  be 
more  clearly  convinced  later  on,  when  we  consider  the  magni- 
tude of  the  increase  of  flow  produced  by  the  contraction  and 
tetanus  of  the  muscles.  If  instead  of  this,  we  suppose  a  direct 
relation  between  the  nerves  and  the  vessel-wall,  it  is  possible 
then  for  the  effect  to  be  due  to  the  excitation  of  nerve-fibres, 
which  are  of  the  nature  of  vaso-dilatator  fibres.  This  theory 
is  consistent  with  an  increased  rate  of  flow,  lasting  a  limited 
number  of  seconds,  and  followed  by  a  diminution  of  the  same. 
If,  however,  the  cut  acts  as  a  stimulus  to  the  dilatator  nerves, 
a  second  cut  must  necessarily  produce  the  same  effect  Upon 
performing  this  experimeni^  the  following  was  the  result 

Before  the  commencement  of  the  blood-flow,  the  mean  pres- 
sure in  the  carotis  was  found  to  be  156  mm.  hg.  Nerve  un- 
injured ;  there  flowed  out  every  5  seconds 

0io6       —10       —16        —20       — 25Beeondfl. 

10       10        1-3       09       0-9  ccm. 

The  nerve  was  cut,  SO  seconds  afterwards  the  measurement 
of  the  outflow  began,  there  flowed  out  eveiy  S  seconds 

80  to  S5  -40  -46  -60  -66  -00  -66  -70  -76  -80  -86  -90  -96  -100  sec. 

3-5     3-5  3-5  3-3  3o  31  30  2o  20  20  16  14  1'3   10 ccm. 

The  flow  of  blood  in  the  vein  was  now  turned  towards  the 
heart,  and  the  mean  arterial  pressure  found  to  be  86  mm.  hg. 
When,  after  the  ending  of  this  measurement,  and  after  washing 
out  the  canula  with  carbonate  of  soda,  the  collection  of  the 
blood  was  renewed,  there  flowed  out  every  5  seconds 

0  to  6      —10      —16      —20      —26      —30      — 35  seoonda. 

1-8       1-8      1-8      17      1-4      1-0      1-6  ccm. 

The  nerve  was  then  again  cut  about  a  centimeter  distant 
from  the  original  point  of  section,  and  the  estimation  of  the 
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flow  continued  without  interruption.    Every  5  seconds  there 
flowed  out 

Oto5     —10     —15      —20     —25      —80  seconds 

1-6      1-7      1-4      1-4      1-8      1-2  com. 

Although  the  animal  had  suffered  only  a  moderate  loss  of 
blood,  yet  but  a  few  minutes  after  the  last  measurements  he 
was  dead. 

In  this  case  then,  the  second  section  caused  no  such  increase 
of  flow  as  occurred  after  the  first ;  since,  however,  the  animal 
that  was  the  subject  of  the  experiment  behaved  in  many 
respects  abnormally — ^the  deep  sinking  of  the  arterial  pressure 
and  the  sudden  death  after  but  a  moderate  loss  of  blood — ^and 
since  I  performed  no  other  experiment  with  a  double  section  of 
the  nerve  on  animab  not  under  the  influence  of  some  poison, 
I  will  leave  it  doubtful,  whether  mere  section  can  constitute 
a  stimulus  to  the  dilatator  nerves  of  sufficient  strength  to  cause 
such  a  rapid  increase  of  blood-stream  as  is  generally  observed. 

As  an  explanation  of  the  temporary  increase  of  stream,  it  is 
possible  to  put  forward  the  hypothesis,  that  it  is  due  to  the 
removal  of  tonicity  owing  to  the  section  of  vaso-constrictor 
nerve-fibres  running  in  the  trunk  of  the  crural  nerve.  In  order 
to  comprehend  the  subsequent  rapid  diminution  in  the  rate  on 
this  supposition,  one  must  assume  further,  that  in  consequence 
of  the  stronger  flow,  there  is  developed  a  higher  degree  of  elas- 
ticity in  the  vessel-wall,  an  assumption,  the  possibility  of  which 
can  no  longer  be  doubted  since  the  experiments  of  Mosso.  The 
following  experiment  with  curare  poisoniug  may  serve  to  eluci- 
date this  alternative. 

Dog  slightly  poisoned  by  injection  of  curare  into  the  jugular 
vein;  artificial  respiration;  nerve  uninjured.  There  flowed 
out  every  5  seconds 

0  to  5        —10       —15        -^20        —25  seconds. 

20        1-6        1-6       1-6        1-3  com. 

After  the  canula  had  been  washed  out,  the  amount  was 
measured  for  another  five  seconds  before  the  nerve  was  cut, 
this  showed  1'2  ccm. ;  the  nerve  was  now  cut,  the  measure- 
ment of  tiie  outflow  continuing  all  the  while,  it  gave 

0to6      —10      —16      —20      —25      —80      —85      —40  seconds. 

1-7      2-3      3-3      2-9      2  2      12      12      10  ccm. 
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The  nerve  was  now  stimulated  by  strong  induction  shocks, 
which  caused  no  visible  contraction  in  the  muscles.  The 
measurement  of  the  blood-stream,  which  continued  uninter- 
ruptedly, showed 

0  to  5  • — 10  — 15  seconds. 

1-4  10  0-8  ccm. 

The  stimulation  was  now  interrupted  for  10  seconds,  during 
which  there  flowed  out 

0  to  6  — 10  seconds. 

07  1*3  ccm. 

The  stimulation  was  again  commenced,  without  any  visible 
contraction  of  the  muscle,  the  continuous  measurement  of  out- 
flow gave 

0  to  6  —10  — 15  seconds. 

07  10  0-9  ccm. 

and  after  the  end  of  the  stimulation  there  flowed  out 

0  to  5  ^-10  seconds. 

1*0  1*0  ccm. 

After  the  canula  had  been  washed  out  with  carbonate  of 
soda,  during  which  time  the  blood-stream  was  deviated  towards 
the  heart,  the  measurement  again  began.  This  produced  in 
5  seconds  1*0  ccm.  The  nerve  was  thereupon  cut  a  second 
time  without  interrupting  the  measurement  of  the  flow : 

0  to  5         —10         —15         —20  seconds. 

1-0         0-9         1-0        0-9  ccm. 

After  this  the  blood-flow,  was  turned  for  twelve  minutes 
towards  the  heart,  and  then  the  flow  every  5  seconds  was 
found  to  be 

0  to  6  — 10  — 15  seconds. 

1-6  1-6  1-3  ccm. 

No  marked  change  could  be  produced  in  this  rate  by  means 
of  a  renewed  stimulation  of  the  nerve : 

0  to  6         — 10  — 16  seconds. 

1-3  17  16  ccm. 

and  after  the  end  of  the  stimulation 

Oto5        —10        —15        —20        —25  sec. 

1-4         1-3        1-3        1-3        1-4  ccm. 
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This  experiment  favours  the  hypothesis,  that  section  of  the 
nerve  removes  a  previously  existing  tonicity.  One  can  suppose 
that,  analogous  with  the  dilatator  fibres  running  in  the  chorda 
tympani,  those  also  which  are  present  in  the  crural  nerve  of 
mammals  are  made  inactive  by  curare.  If  this  is  so,  then  the 
only  explanation  for  the  increase  of  flow  following  upon  section 
of  the  nerve,  which  is  evident  enough  in  the  above  experiment, 
even  though  less  pronounced  and  more  temporary  than  usual,  is 
that  a  previous  action  of  vaso-constrictor  fibres  is  removed. 
This  assumption  is  strengthened  by  the  fact,  that  a  stimulation 
of  the  peripheral  end  of  the  cut  nerve  by  means  of  the  inter- 
rupted current  seemed  somewhat  to  diminish  the  outflow  from 
the  vein,  although  a  second  section  remained  without  effect 
upon  the  stream.  Even  if  it  is  not  proved  by  this  single  in- 
stance, that  the  increased  flow  following  upon  the  section  of 
the  nerve  is  due  to  a  removal  of  the  normal  tone,  yet  it  teaches 
that  there  are  contained  in  the  crural  nerve  fibres  which  act  as 
vaso-constiictors  to  the  arteries  of  the  quadriceps  extensor 
group  of  muscles. 

The  presence  of  these  vaso-motor  nerves  enables  us  to  con- 
ceive how  it  is,  that  in  numerous  cases  after  the  section  of  the 
nerve,  and  after  the  marked  increase  of  flow  that  occurs  during 
the  first  minute,  has  ceased,  there  is  still  a  slighter  quid^ening 
remaining.  The  fact  that  this  latter  does  not  always  occur 
would  seem  to  denote,  that  the  vaso-constrictor  fibres  have  not 
always  been  in  a  state  of  tonic  stimulation  before  their  section, 
in  all  the  animals  experimented  upon.  On  the  other  hand,  it 
is  possible  to  explain  this  secondary  quickening  of  the  blood- 
flow  without  invoking  the  presence  of  vaso-constrictor  fibres, 
for  it  may  be  due  to  the  fact,  that  in  every  case,  during  the 
time  when  the  stream  was  diverted  towards  the  heart  after  the 
nerve  had  been  cut,  the  peripheral  end  of  the  nerve  was  fixed  in 
the  electrodes,  and  this  may  have  been  a  stimulus  to  the  dilata* 
tor  fibres  sufficient  to  cause  a  slight  temporary  increase  of  flow, 
which  would  make  itself  manifest  upon  the  rate-curve,  only  in 
those  cases,  where  the  measurement  of  the  flow  recommenced 
sufficiently  quickly  after  the  completion  of  this  operation. 

3.  Changes  in  the  blood-stream  in  consequence  of  stimu- 
lation of  the  nerve.    Since  that  portion  of  the  crural  nerve 
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which  can  be  placed  on  the  electrodes  contains  nervous  ele- 
ments, some  of  which  act  upon  the  fibres,  and  others  on  the 
vessels  of  the  muscles  of  the  thigh,  it  is  natural  to  think  of  re- 
sorting to  curare.  It  is  not  possible  however,  in  the  case  of 
dogs  at  all  events,  to  effect  the  purpose  in  view  by  the  use  of 
this  agent,  since  the  curarized  nerve  loses  the  power  to  quicken 
the  blood-stream  simultaneously  with  the  capacity  to  cause  a 
contraction  of  the  muscla  Although  I  abstained  from  using 
curarized  animals  for  this  reason,  yet  it  might  not  be  without 
point  to  make  use  of  curare,  provided  that  any  suggestion 
gained  by  its  means  was  otherwise  confirmed.  For  instance,  in 
the  case  of  a  dog,  into  which  a  moderate  amount  of  this  poison 
had  been  injected,  it  was  found,  after  artificial  respiration  had 
been  kept  up  until  the  animal  began  again  to  breathe  of  itself, 
that  then  the  power  of  the  crural  nerve  to  induce  contractions 
of  the  muscles  returned,  without  however  any  sign  of  a  simul- 
taneous quickening  of  the  blood-stream.  The  nerve  therefore, 
when  recovering  from  the  effects  of  the  poison,  was  brought 
into  a  condition,  which  might  assist  in  solving  the  cause  of  the 
quickening  of  the  stream,  although  it  was  not  practicable  for 
my  immediate  purpose.  Seeing  that  many  of  the  conditions  of 
the  experiment  are  continually  varying  at  the  same  time,  and 
that  too  in  no  fixed  determinate  manner,  it  is  impossible  to 
describe  the  phenomena,  that  occur  in  consequence  of  nerve 
stimulation,  in  terms  of  any  one  special  variation  of  the  expe- 
riment that  may  be  chosen.  For  instance,  there  is  a  continual 
increase  in  the  amount  of  blood  lost,  and  at  the  same  time  a 
progressive  exhaustion  of  the  nerve;  in  addition  to  these,  a 
phenomenon  like  ours,  which  depends  on  the  relations  between 
different  kinds  of  nerve-fibres,  must  necessarily  vary  in  different 
animals.  Under  these  circumstances,  it  is  of  necessity  prefer- 
able to  describe  the  results  themselves,  rather  than  an  analysis 
of  them.  In  order  to  accomplish  this  as  fully  and  thoroughly 
as  possible,  the  total  observations  that  were  obtained  from  li 
dogs  were  accurately  worked  out,  and  out  of  the  great  number 
of  separate  experiments  so  obtained,  those  were  chosen  for  pub- 
lishing, which  were  remarkable  for  any  special  peculiarity. 
Nearly  all  the  observations  that  are  described  are  examples  of 
many  other  similar  ones. 
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Of  these  examples  the  second  to  the  thirteenth  are  arranged 
in  order  of  duration  of  stimulation,  in  some  of  them  the  effect 
of  a  greater  and  less  loss  of  blood  is  compared  together.  The 
examples  14  and  15  refer  to  the  action  of  tetanizing  currents 
suddenly  increased  in  strength. 

Although  the  changes  in  the  rate  of  flow  before,  during,  and 
after  the  stimulation  of  the  nerve  are  clearly  marked  on  the 
original  curve,  yet  it  is  plain  that  they  can  be  recognized  with 
still  greater  clearness  on  the  curve  deduced  from  it;  for  this 
reason  this  deduced  curve  has  been  as  a  rule  figured.  An 
exception  to  this  is  made  in  the  first  example,  where  the  de- 
duced as  well  as  the  original  curve  is  drawn,  in  order  to  make 
clear  to  the  reader  the  origin  of  the  former  from  the  latter. 
For  this  purpose  the  lengths  on  the  abscissa  line  representing 
divisions  of  time  are  made  longer  than  in  all  later  examples 
with  the  exception  of  the  second,  to  the  representation  of  which 
the  original  observation  was  also  added. 
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The  onrre  aa  la  photographed  from  the  original  and  reduced  half  size.  The 
eorve  bb  is  the  deduced  curve.  Time  intervals  are  marked  on  the  common 
abscissa  of  the  two  curves.      The  distance  between  two  points  represents 

5  seconds.  The  nerve  was  tetanized  during  the  third  unit  of  time  rr.  The 
body  weight  of  the  animal  was  20*0  kilo.  The  crural  nerve  had  been  cut 
4  minutes  before  the  beginning  of  this  observation,  and  the  animal  had  already 
lost  154  ccm.  of  blood =0*77  per  cent,  of  its  body  weight.  Before  the  stimula- 
tion of  the  nerve  there  flowed  out  of  the  vein  2 '8  ccm.  in  every  5  seconds. 
During  the  tetanus  of  5  seconds'  duration,  there  flowed  out  from  0  to  0*75  sec. 
4'Oc.cm.;  from  0*76  to  1*76  sec.  0*1  com.,  from  1*75  to  5  sec.  2'5c.cnL  After 
the  cessation  of  the  stimulation,  there  poured  out  in  the  2  sec.  immediately 
following  0*9  ccm.,  and  from  there  up  to  5  sec.  6*6  ccm.  and  then  in  successive 

6  sec.  15*1  ccm. — 14*4  ccm. — 7  ccm. — 10*1  ccm. — 8*3  com. — 5*9  ccm. — 6*1  ccm. 
— 3*6  ccm.  If  one  assumes  that,  during  the  16th  to  the  20th  second  after  the 
end  of  the  stimulation,  the  velocity  was  the  mean  of  that  in  the  two  neighbour- 
ing units  of  time,  that  therefore  in  this  time  12*8  ccm.  had  run  out,  then  we 
should  have  an  outflow  of  87*6  com.  of  blood  during  the  60  seconds  that  fol- 
lowed the  commencement  of  the  tetanus.  The  rate  of  flow  before  the  stimula- 
tion would  however,  one  may  presume,  have  afforded  only  23*0  ccm.  in  the 
some  time. 
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The  oiunre  aa  Ib  photographed  from  the  originftl  and  reduced  half  aize.  The 
curve  hh  is  the  dednoed  curve. 

Weight  of  animal  22*6  kilo.  Before  the  stimnlation  180  cem.  of  blood 
=0*8  p.  0.  of  its  body  weight,  had  been  expended.  The  pressore  in  the  carotifl 
was  166  mm.  Hg.  Starting  with  a  considerable  distance  between  the  two  coils, 
the  secondary  coil  was  gradually  pushed  closer,  and  stimulations^  each  lasting 
less  than  0*1  sec,  given  at  intervals  up  to  the  times  denoted  by  the  figures 
lto7. 

Before  the  first  effective  stimulation,  there  flowed  out  every  five  seconda 
8*6  ccm.;  upon  now  dosing  the  circuit  three  times  in  the  course  of  5  sec.,  the 
secondary  coil  being  at  that  distance  which  produced  the  first  signs  of  contrac- 
tions, the  amount  of  outflow  rose  in  these  five  seconds  to  4*8  ccm.  In  the  next 
five  seconds  the  circuit  was  momentarily  closed  four  times  (1  to  4),  after  the 
secondary  coil  had  been  pushed  a  trifle  nearer.  In  these  Are  seconds  there 
streamed  out  4-6  ccm.  After  the  secondary  coil  had  been  moved  yet  further, 
four  more  momentary  closures  of  the  circuit  (6  to  8)  took  place  in  the  next  five 
seconds,  in  consequence  of  which  6*1  cem.  fiowed  out  during  this  time,  ^y 
means  of  the  last  three  more  powerful  contractions,  a  marked  after  effect  was 
now  produced,  for  there  flowed  in  the  next  two  periods  of  five  seconds  8-1  and 
9'4ccm.  respectively.  Hereupon  the  measurement  of  the  blood-flow  was 
broken  off. 
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Weight  of  the  animal  12-8  kilo.  Before  the  Btimnlation  81  com.  of  bloods 
0*6  p.  0.  of  the  body  weight,  had  been  expended.  With  the  neire  at  rest  the 
amount  of  outflow  for  every  6  seoonda  flnotuated  between  2*8  and  2*2  com. 
Upon  closing  the  oireoit  for  0*4  sec.  {rr)  there  was  seen  to  be  a  steady  rise  in  the 
outflow,  directly  after  the  end  of  the  stimulation,  abore  that  which  existed 
before  the  closure,  so  that  in  the  5  seconds  at  the  beginning  of  which  the  stimu- 
lation occurred  8*5  ccm.  flowed  out,  from  there  onwards,  the  amount  of  outflow 
increased  in  the  next  6  seconds  to  7*2  ccm.,  and  then  sank  in  the  following 
three  6-seo.  interrals  to  6*6 — 5*7—4*0.  There  flowed  out  therefore,  in  the 
25  seconds  at  the  beginning  of  which  the  stimulation  occurred,  27*0  ccm. ;  there 
would  presumably  have  streamed  out  only  11*5  ccm.  in  the  same  time,  if  there 
had  been  no  stimulation. 
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Of  the  two  onrves  in  this  woodont,  the  one  between  aa  was  obtained  after  at 
least  154 corn,  of  blood  had  been  lost,  the  other  between  bb  after  a  loss  of 
at  least  854  com. 

Weight  of  body  20*0  kilo. ;  nerve  cut.  Before  the  Btimulation  rr  there 
flowed  out  eyery  5  seconds  2'8  com.  From  the  commencement  of  the  tetanns 
there  streamed  ont  from  0  to  0*75  sec.  4  com.,  from  0*75  to  1*75  sec.  the  flow 
ceased  almost  entirely  (O'l  com.),  from  1*75  to  5  sec  2*5  com.  In  the  2  seconds 
following  the  end  of  the  stimulation  there  flowed  out  0*9,  and  from  the  2nd  to 
the  5th  second  5*5  ccm.,  from  there  onwards  in  suocession  for  every  5  seconds 
15*1— 14*4— 12-3— 10*1— 8-3--6-9— 5*1— 8-6  com.  The  observation  was  here 
broken  off.  In  50  seconds  therefore,  at  the  beginning  of  which  a  tetanus  of 
5  seconds  occurred,  there  streamed  out  87*6  com.  of  blood.  It  may  be  pre- 
sumed that  without  any  stimulation  only  28  com.  would  have  flowed  out  in  the 
same  time. 

The  observation  represented  in  curve  bb  took  place  after  a  loss  of  blood 
equal  to  4*27  p.  c  of  the  body  weight.  The  amount  of  outflow  for  every 
5  seconds  before  the  stimulation  rr  fluctuated  between  1*4  and  1*6  c.cm.  At  the 
beginning  of  the  tetanus  there  spurted  out  from  0  to  0*7  seconds  3*5  c.cm.,  then 
the  flow  ceased  entirely  up  to  2*1  sec,  and  from  there  up  to  the  5th  second  of 
the  tetanus  there  flowed  out  1*6  ccm.  In  the  30  seconds  which  followed  on  the 
end  of  the  stimulation,  there  poured  out  in  successive  5  seconds  0*8,  0*8, 1*2, 
1*3,  1*3,  1*0  c.cm.  In  the  35  seconds  therefore,  at  the  beginning  of  which 
a  tetanus  of  5  seconds  occurred,  there  streamed  out  11*4  c.cm.;  without  stimoln- 
tion  there  would  presumably  have  flowed  out  10*2  c.cm. 
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Dog  of  moderate  size.  The  onrye  aa  was  obtained  after  bat  few  c.cm.  of 
blood  had  been  lost,  the  cnrre  hb  after  a  loss  of  at  least  250  c.cm. 

Before  the  beginning  of  the  stimiilation  rr  there  flowed  out  in  every  5  se- 
conds 1-2  com.  During  the  tetanus,  which  lasted  15  seconds,  there  streamed 
ont  in  0  to  Iseo.  1'lo.cm.,  in  1  to  5  sec.  0*8  ccm.,  in  5  to  10  sec.  O'Sc.om.,  and 
in  10  to  15  sec.  0*6  a  cm.  Upon  the  cessation  of  the  stimulation  there  flowed 
oat  from  0  to  2*5  seconds  0*2  com.,  and  from  2*5  to  5  seconds  1*4 com.,  and  in 
the  following  75  seconds  in  every  5  seconds  successively  4*2,  4*5,  4*1,  8*7, 8*2, 
2*9,  2*6,  2-4,  2*4,  2*8,  2*2,  2*0,  2*0,  1*9,  1*9.  Therefore  in  95  seconds,  at  the 
beginning  of  which  a  tetanus  of  15  sec.  occurred,  there  streamed  out  46*8  com. 
If  the  muscle  had  been  at  rest,  only  25*2  com.  would  have  presumably  flowed 
out. 

In  the  observation  represented  by  the  curve  bb,  the  outflow  before  the  stimu- 
lation fluctuated  between  1*2  and  1*4 com.  for  every  5  seconds.  At  the  begin* 
ning  of  the  tetanus  there  flowed  out  from  0  to  1  second  0*5 com.,  in  1  to 
5  seconds  0*4,  in  5  to  15  seconds  0*5  com.  In  the  85  seconds  immediately  after 
the  end  of  the  stimulation  there  poured  out  in  successive  5  seconds  1*0,  2*5, 2*0, 
1*8, 1*7, 1*4, 1*0 com.  Therefore  in  the  50  seconds,  at  the  beginning  of  which 
a  tetanus  of  15  sec  took  place,  12*7 c cm.  of  blood  streamed  out;  one  may 
suppose  that  18*0  com.  would  have  flowed  out  through  the  muscle  at  rest  in 
the  same  time. 

Pig.  6. 


Dog  of  moderate  size.  This  observation  was  made  after  a  loss  of  blood 
exceeding  118  c.cm.  Before  the  beginning  of  the  stimulation  rr  the  outflow 
in  every  5  seconds  fluctuated  between  0*4  and  0*6  com.  During  the  tetanus 
of  15  seconds'  duration  there  streamed  out  in  successive  5  seconds  1*1,  1*7, 
3*4  com.  In  the  45  seconds  after  the  end  of  the  stimulation  there  flowed  out 
in  every  successive  5  seconds  8*0,  2*7,  1*8,  1*9,  1*9,  1*6,  1*5,  1*4,  l*lo.om. 
Therefore  in  60  seconds,  at  the  commencement  of  which  a  tetanus  of  15  seconds 
occurred,  there  poured  out  23  ccm.  In  the  muscle  at  rest  there  would  have 
flowed  out,  one  may  suppose,  only  6*0  c.cm. 
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Wugbt  of  the  anlmftl  23-6  kUo.  Belbre  the  beginning  ot  the  obeemtion  «i 
351  e.om.  ol  blood  had  been  expended ;  bef<^  bb,  773  e.om. 

Curve  aa.  Before  the  begmning  ot  the  etimalation  the  ontflow  in  6  eeoonda 
amoonted  to  8-8  o. am.,  during  the  tetonna  ot  16  Beoondn  there  streamed  out 
from  0  to  0-6  seoonda  S-]3o.om.,  from  0-6  to  6  seoonda  0-3o.cm.,  from  6  to 
10  sec.  0-9  o.oni.,  from  10  to  16  see.  1-6  o.om.  In  the  70  seoonds  immedialelj 
following  theie  poured  in  eyerj  5  seoonds  suoeeeeively  14'8,  19-3,  18-0,  15-0; 
lB-8,  IS'B,  11-a,  10-6,  9-0,  8-1,  7-D,  6-6,  6-6  e.om.  Therefore  in  Sfi  seaonds,  at 
the  oommenoemeut  of  whioh  «  tetantu  of  16  seoondB  took  pUoe,  then  pomed 
ont  164-4  o.om.  In  the  muscle  li  rest,  only  47-3  a.«m.  wonld  have  presnnwblf 
flowed  ont.  In  obsetratian  bb  the  amonnt  of  ontSow  before  the  stimulation 
was  S-1  o.cm  in  ersTj  6  aeoonds.  Daring  the  tetanus  of  16  seoonda  there 
streamed  ont  in  0  to  1  second  l'4o.om., in  1  to  6  see.  l-9D.oni.,  inS  to  lOsee. 
0-G  e.em.,  in  10  to  16  sec.  0-T  com.  In  the  follo^riog  BO  seoonds  there  flowed 
out  in  snooeasiTe  6  eeeonda  0-8,  SO,  80,  2-1,  3-7,  3-6 e.om.  Therefore  in 
46  seconds,  at  the  oonunencement  of  which  a  tetanna  of  IS  seconds  ooonrred, 
there  flowed  ont  16-4  cum.;  in  the  moacle  at  rest  one  m^  suppose  that 
18-9  e.cm,  would  hare  Bowed  out. 


CHANGES  OF  BLOOD-STBSAH  IN  MUSCLES. 


388 


Fig.  8 


Bodj  weight  86-6  Ulo.  Before  the  beginniog  of  the  observation  aa  748  o.cm. 
ol  blood  had  been  nsed ;  before  55  970  o.em. 

Carre  aa.  Before  the  beginning  of  the  stimnlation  rr  the  mean  of  the 
ontflow  for  every  5  seoonde  was  1*8  com.  During  the  tetanns  of  16  seconds 
there  flowed  ont  in  0  to  0*6  seconds  4*7  com.,  in  0*6  to  1*2  seconds  Oo.om.»  in 
1-2  to  6  seconds  1*8  ccm.,  in  6  to  10  seconds  2-0  ccm.,  and  in  10  to  16  seconds 
1*8  cent.  After  the  end  of  the  stimnlation  there  streamed  out  in  0  to  3*6  seconds 
0-6  ccm.,  and  in  8*6  to  6  sec.  0*7  com.  From  there  onwards  there  flowed  out 
in  eveiy  6  seconds  in  succession,  8*1,  6*0,  8*6,  8*8  com*,  and  in  the  70th  to  the 
76th  second  the  outflow  still  amounted  to  8*8  com. 

Curve  55.  Before  the  beginning  of  the  stimulation  the  mean  flow  for 
evety  6  seconds  was  1*76  com.  During  the  tetanus  of  16  seconds'  duration 
there  streamed  out  in  0  to  1*4  seconds  4*6  com.,  in  1*4  to  6  sec.  8*0  com.,  in  6 
to  10  see.  2*1  com.,  and  in  10  to  16  seconds  1*4  com.  After  the  end  of  the 
stimulation  there  flowed  out  in  eveiy  6  seconds  successively  0-6,  0*7, 1*8, 1*4, 
1*7, 1*4, 1*2, 0-9,  0*8  com. 
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Body  weight  20*0  kQo.  Before  the  begixming  of  the  observation  aa  573 
c.em.  of  blood  had  been  expended,  before  that  represented  by  hb  900  o.cm. 

Oorye  aa.  Before  the  commencement  of  the  stimulation  there  flowed  out 
in  every  6  seconds  2-6  o.cm.  During  the  tetanus  of  SO  seconds  there  streamed 
out  in  0  to  0-6  sec.  4-1  o.cm.,  in  0*6  to  1*6  sec.  0  o.cm.,  in  1*6  to  5  sea  2*6  com., 
in  6  to  10  sec.  2*7 com.,  in  10  to  15  sec.  3*4  com.,  in  15  to  20  sec.  4*0 c.em.,  in 
20  to  25  sec.  4*7  com.,  and  in  25  to  80  sec.  6*2  com.  From  the  end  of  the 
stimulation  there  flowed  out  in  0  to  1*5  seconds  1-0  com.,  in  1*5  to  5  sec 
11*0 com.,  and  in  5  to  10  sec.  18'2c.om«  Between  the  10  and  15  seconds  the 
measurement  of  the  stream  was  interrupted,  from  there  onwards  followed  in 
every  5  seconds  successively  17*2,  16*1, 14-6,  11*1,  10*0,  8*2,  6*6,  and  so  on. 

Curve  bb.  Before  the  commencement  of  the  stimulation  there  flowed  out 
in  every  5  seconds  0*85 com.;  during  a  tetanus  of  30  seconds  there  streamed 
out  from  0  to  0*8  sec  8*2  com.,  from  0*8  to  1*6  sec  Occm.,  from  1*6  to  5  see. 
2*0  o.cm.,  and  then  onwards  in  eveiy  5  seconds  in  succession,  1*5,  0*9,  0*4,  0*4, 
0*4  com.  After  the  end  of  the  tetanus  there  flowed  out  during  40  seoonds  in 
every  5  seconds  successively  0*1,  01,  0*5,  0*7,  0-8,  0*8,  0*9,  0*7  com. 
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The  enrve  aaa  was  attained  after  45  o.em.  of  blood  had  been  used ;  before 
the  carve  555  on  the  other  hand,  there  was  a  loss  of  360  com. 

Cnrve  a<L  Before  the  oommenoement  of  the  Btimnlation  there  flowed  ont 
in  every  5  see.  1-9  o.em.  During  the  moderately  strong  tetanus  of  1  minnte 
duration  there  flowed  out  in  0  to  O'Tsec.  1'lc.em.,  in  0*7  to  5  sec.  1*4  ccm. 
From  there  onwards  there  streamed  out  in  snecessive  5  seconds,  0*8,  0*4, 1*1, 
1-8,  1-8,  2*1,  2-2,  2-3,  2*6,  2*4,  1*8  ccm.  In  56  seconds  after  the  end  of  the 
Btimnlation  there  flowed  out  in  every  5  seconds  successively  2'4,  2*6,  2*8,  8*1, 
2-4,  2*8,  2*8,  2*8,  2  6,  2*1,  2*5  com.  Therefore  during  115  seconds,  at  the 
beginning  of  which  a  tetanus  of  60  seconds  occurred,  the  whole  outflow 
amounted  to  49*0 com.  Presumably  84*5 ccm.  would  have  flowed  out  in  the 
same  time  through  the  muscle  at  rest. 

Curve  55.  Before  the  beginning  of  the  stimulation  the  outflow  in  5  sec 
was  0*7  ccm.,  during  a  strong  tetanus  of  one  minute  there  streamed  out  in 
0  to  0*7  sec  1*1  com.,  in  0*7  to  5  sec  0*5  ccm.,  and  from  there  onwards  in 
successive  5  seconds  0*2, 0*5,  0'6, 1'l,  0-7,  0*6,  1-5,  1*4,  1*2,  1-7,  1*7  ccm.  In 
60  seconds  after  the  end  of  the  stimulation  there  flowed  out  in  every  5  seconds 
successively  2*6,  8*4,  3*8,  8-0,  2*6,  2*8,  2-0,  0*6,  0*6,  0*6,  0-7,  1*1,  0*7  ccm. 
Therefore  in  the  space  of  two  minutes,  at  the  commencement  of  which  a 
tetanus  of  one  minute  took  place,  there  flowed  out  80*4  com.  Presumably  in 
the  same  time  16*8  ccm.  would  have  streamed  out  through  the  musde  at  rest. 
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Body  weight  of  animal  9*4  kilo.  Before  the  hegizmiiig  of  the  experiment 
»  represented  by  the  curve,  a  loss  of  104*0  com.  of  blood  had  taken  place.  The 
amount  of  blood  which  flowed  oat  in  every  5  seoonda  before  the  tetanns 
fluctuated  between  2*1  and  1*8  ccm.  The  tetanus  was  to  last  at  least  5  minutes; 
in  Order  to  keep  it  at  a  constant  maximum  strength  during  this  time,  the 
position  of  the  leg  was  carefully  watched,  and  every  time  it  showed  the  least 
sign  of  relaxation,  the  secondary  coil  was  moved  nearer  to  the  primary,  until 
the  limb  had  again  returned  to  its  old  position.  Since  it  was  impossible, 
partly  in  consequence  of  clotting,  partly  on  account  of  the  large  amount  that 
would  have  been  expended,  to  allow  the  blood  to  flow  out  during  the  whole 
course  of  the  tetanus,  the  measurements  took  place  only  at  intervals,  in  such  a 
manner  that  at  the  commencement  of  every  fresh  minute  the  blood  streamed 
into  the  measure  glass  for  16  seconds,  while  during  .the  rest  of  the  time  it 
could  flow  on  to  the  heart.  In  the  curve  the  pauses  P  between  the  successive 
measurements  are  included  between  two  upright  lines. 

In  the  first  15  sec.  of  the  tetanus  there  flowed  out  from  0  to  0*7  see. 
1*0  ccm.,  from  0*7  to  6  sec  0*4  ccm.,  and  then  in  successive  5  seconds  0*3  and 
0*4  ccnL  In  60  to  75  sec.  there  flowed  out  in  every  5  seconds  in  suoeessioa 
8*3,  5*8,  6*7  ccm.,  in  120  to  135  sec  in  successive  5  seconds  4*0,  4*8,  4*3  com., 
in  180  to  195  sec  3*4,  3*9,  3*5  ccm.,  in  240  to  255  sec  4-8,  4*8,  3*9  com.,  in  800 
to  315  seconds  3*9,  3*6,  3*2  ccm.  Twenty  seconds  after  the  ending  of  the 
tetanus  the  flow  was  again  conducted  into  the  measure  glass,  and  during 
30  seconds  there  flowed  out  in  every  5  seconds  successively  1*8,  1*5,  1*4^  1*8, 
1*0, 1*0  ccm. 
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Body  weight  22*5  kilo.  Beforo  the  begiiming  of  this  experiment  a  loss  of 
blood  amounting  to  612-0  o.om.  had  taken  place.  The  ontfiow  before  the  l^timn- 
lation  of  the  nerve  flnctnated  between  2*3  and  1*4  com.  in  every  6  seconds. 
During  the  tetanns,  which  was  kept  constant  by  moving  the  secondary  coil 
nearer,  the  blood  was  allowed  to  ran  into  the  measure  glass  only  dming  the 
first  15  and  the  last  10  seconds,  for  the  rest  of  the  time  it  flowed  to  the  heart. 
There  streamed  ont  from  0  to  0*8  sec.  1*8  ccm.,  from  0*8  to  5  sec.  2*1  ccm., 
from  5  to  10  sec.  1*8  ccm.,  and  from  10  to  15  sec.  0*9  ccm.,  and  then  from  290 
to  295  sec.  5*9  ccm.,  from  295  to  800  sec.  6*0  ccm.  Immediately  after  the 
stimulation  there  flowed  ont  in  snooessive  5  seconds  8*9,  10*1,  9*9,  9*5,  9*0, 
8*7,  8*2,  7*2,  7*7,  73,  6*9,  6*6,  6-3,  6*8,  4*9,  4*4,  3*8,  4*2,  3*6,  3*6  ccm. 
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Body  weight  86*5  kilo.  Before  the  beginning  of  the  tetanus  there  flowed 
out  2*7  e.cm.  in  eveiy  5  seconds.  Up  to  the  beginning  of  the  tetanus,  whioh 
was  kept  as  constant  as  possible  for  19  minutes  by  continually  increasing 
the  strength  of  the  induction  current,  the  animal  had  lost  580  ccm.  of  blood. 
The  blood-stream  was  conducted  into  the  measure  glass  only  during  the  last 
15  seconds  of  the  tetanus,  during  which  time  there  flowed  out  e^ery  5  seconds 
in  succession  14*2,  13*8,  16*6  e.cm.  After  the  end  of  the  stimulation  the 
measurement  was  interrupted  for  10  seconds,  then  howeTor  it  gave  for  suo- 
oesfiiye  6  seconds  9*6,  9*1,  9*0,  8*4,  7-7,  6-8,  6*0,  5*2,  6-7,  60,  6*3, 4-9,  4*8  e.cm. 
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Fig.  U. 


Up  to  the  begixmiiQig  of  the  obserration  the  animal,  whioh  was  of  mode- 
rate ailBe,  had  lost  at  least  200*0  o.em.  of  blood.  Before  the  beginning  of 
the  stimulation  there  flowed  ont  in  every  5  seconds  1*7  c.cm.  The  tetanus 
lasted  a  minute  with  however  inconstant  strength;  at  first  strong,  it  gradu- 
ally subsided  and  then  in  about  40  seconds  was  again  suddenly  made  strong 
by  moving  the  secondary  coU  nearer.  From  0  to  0*9  sec.  there  poured  out 
0*7  ccm.,  from  0*9  to  5  sec  1*1  com.,  from  there  on  there  streamed  ont  in 
successive  5  seconds  0*8,  1*8,  1*7,  1-8,  2*8,  8*8,  2*7,  0*8,  0*8,  0*5,  0*9  ccm. 
Five  seconds  after  the  condosion  of  the  stimulation  the  measurement  of  the 
outflow  recommenced;  this  showed  in  successive  5  seconds  2*1,  4-0,  8*7,  8-2, 
2*9,  2*6,  2-2,  21,  2*0  com. 
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Body  wsigbt  13'8  cem.  Before  the  begiiming  of  the  eipetimeiit  the  animal 
hod  lost  about  100*0  o.om.  of  blood.  In  this  observation  3  tetani  followed  doee 
on  each  other  with  abort  intervals  between.  The  length  ol  time  that  the  nrave 
wae  not  tinder  stunnlation  waa  determined  by  the  etrength  of  the  outflow  in 
the  BO-ealled  after-effect  JU  soon  as  thle  wae  developed  in  a  high  degree, 
then  a  new  Btimolatiou  mts  thrown  in.  The  flrat  tetanus  Jil  lasted  8  seoond^ 
during  it  there  flowed  ont  Ironi  0  to  0-8  see.  09  e.om.,  from  0-8  to  S  tee. 
0-8  o.Dm.,  from  8  to  8  aeo.  0*1  aom.  In  the  5  seconds  following  the  stimnlatloii, 
the  amount  of  the  ontflow  increased  to  7-8  o.cm.  Immediately  a  tetanus  £2  of 
15  seeonds  dnration  was  thrown  in.  During  this  there  flowed  out  in  0  to  1-6  see. 
as  o.em.,  in  1-6  to  6  see.  0-S o.cm.,  in  5  to  10  sec.  0-9  com.,  in  10  to  15  see. 
0-7  e.em.  The  stimTilatioii  being  now  interrupted  for  5-6  seconds,  the  amonnt  of 
ontflow  in  every  G  seconds  increased  to  9  6  o.cm.  The  new  etimnlation  of  15 
aeoonda  which  now  commenced,  proved  at  first  not  to  be  stnmg  atongh  to 
oanae  a  tetaniu,  there  streamed  ont  during  this  insoScient  stimnlatian  in 
5  sec.  7'8  o.cm.  The  strength  of  the  indnotion  current  waa  therefore  inereased 
and  during  the  tetanns  JtS  so  caused,  there  poured  ont  in  the  first  G  see. 
4'8  com.  and  in  6  to  10  sec  0*5  c.em.  The  neit  5  seconds  after  the  ending 
of  tbig  tetanns  were  need  for  the  washing  out  of  the  oanula,  and  after  that 
there  flowed  out  in  BoooesBiTe  5  seconds  T'S,  7*2,  7-9,  7-4,  6-2, 1-6  c.em. 
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With  reference  to  the  phenomena  exhibited  in  the  foregoing 
experiments,  I  will  now  draw  attention  to  the  position  and 
number  of  the  essential  points,  which  characterize  the  rate- 
curve  from  the  beginning  of  the  stimulation  to  the  return  of 
the  normal  outflow.  The  chief  variations  in  the  rise  and 
sinking  of  the  rate  of  flow,  that  are  noticeable  in  these  curves 
are,  as  a  rule,  the  following :  with  the  commencement  of  the 
tetanus  there  appears  a  spurt-like  quickening  of  the  stream, 
followed  on  further  contraction  by  an  almost  complete  cessation 
of  flow,  which  then  again  steadily  and  gradually  increases  in 
volume;  at  the  end  of  the  tetanus,  the  rate  of  flow  sinks  a 
second  time  for  a  moment  and  then  rises  again  in  the  course 
of  some  seconds  to  a  new  maximum,  from  which  it  falls  gradu- 
ally and  much  more  slowly  than  it  arose  to  near  the  value  it  pos- 
sessed before  the  stimulation.  Although  this  sixfold  change 
of  rate  occurs  often  enough  for  one  to  consider  the  curve 
deduced  from  it  as  a  typical  one  (see  among  others  the  curves 
],  4,  5a,  8),  yet  it  is  by  no  means  always  manifested;  on  the 
contrary,  one  or  other  of  the  characteristics  of  the  curve  that 
I  have  just  mentioned  is  often  wanting.  Thus  the  sudden 
outspurt  of  the  blood  occurring  at  the  onset  of  the  tetanus 
may  fail  (see  the  woodcuts  3  and  6),  a  circumstance  that  natu- 
rally occurs  but  seldom.  Further,  the  increase  of  rate  during 
the  tetanus  may  be  wanting,  or  only  manifest  itself  but  slightly 
(see  Fig.  5  and  curve  b  in  Fig.  7).  This  characteristic  of  the 
curve  fails  most  commonly,  though  by  no  means  always,  when 
the  tetanus  does  not  last  so  long  as  fifteen  seconds ;  if  it  lasts 
longer,  then  on  the  contrary  even  during  its  continuance  the 
outflow  may  attain  a  volume  many  times  as  great  as  that  of 
the  normal  stream.  The  temporary  diminution  of  rate  that 
occurs  when  the  muscular  fibres  pass  from  a  state  of  contraction 
to  one  of  relaxation  may  also  be  absent  (see  Fig.  7,  curve  a, 
and  Fig.  9,  curve  b).  Also  the  position  of  maximum  velocity 
is  variable.  For  although,  apart  from  the  outspurt  of  blood 
at  the  commencement  of  the  tetanus,  the  flow,  as  a  rule,  first 
attains  its  greatest  height  after  the  cessation  of  the  nerve- 
stimulation,  yet  it  is  possible  for  this  to  be  manifested  even 
during  the  tetanus  (see  Fig.  10). 

The  solitary  variation  of  flow,  which  was  never  missing 
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in  the  case  of  animals  not  under  the  influence  of  any  poison, 
was  the  strong  and  giadual  increase  which  follows  upon  a  short 
tetanus,  and  accompanies  a  long  one  even  during  a  part  of  its 
duration.  Should  however  the  observation  before  mentioned 
be  confirmed,  viz.  that  a  tetanized  nerve  which  is  commencing 
to  recover  from  curare  poisoning  is  in  a  position  to  effect  a 
contraction  of  the  muscle  and  yet  not  quicken  the  outflow  of 
blood,  there  would  clearly  be  no  strong  connection  between  the 
shortening  of  the  muscle  fibres  and  the  swelling  of  the  blood- 
flow. 

However  that  may  be,  it  may  be  considered  as  proved, 
that  a  part  of  the  usual  peculiarities  of  the  flow  may  be  want- 
ing, without  one  being  able  to  assign  as  a  reason  for  this, 
either  the  nature  of  the  nerve-stimulation,  or  the  contraction 
of  the  muscular  fibres,  or  the  rest  of  the  evident  causes  of 
change  of  rate.  From  this  it  follows,  that  by  the  stimulation 
of  nerves  acting  on  the  muscular  fibres  only,  all  the  conditions 
are  not  fulfilled,  which  are  essential  to  the  course  of  the  curve 
of  variable  rate.  Every  phase  of  the  latter  then  demands  the 
presence  of  special  causes.  If  one  considers  what  these  may 
be,  one  finds  without  difficulty  a  number  of  conditions,  which  at 
least  suffice  to  explain  every  change  of  rate. 

Since  the  shape  of  the  muscle  changes  with  the  contraction, 
so  too,  as  is  evident,  will  the  tension  between  its  separate  fibre& 
In  consequence,  different  resistances  will  he  opposed  to  the 
blood-stream,  according  as  it  flows  through  the  contracted  or 
relaxed  muscle,  and  new  forces  will  be  added  to  it  at  the  mo- 
ment of  transition  from  the  one  form  to  the  other.  It  is 
natural  therefore  to  attribute  the  sudden  outspurt  of  blood, 
which  accompanies  the  onset  of  the  contraction,  to  a  sudden 
diminution  of  the  calibre  of  certain  portions  of  the  muscular 
vascular  tract.  The  second  diminution  of  the  rate,  which 
usually  follows  immediately  on  the  cessation  of  the  muscle 
contraction,  one  would,  corresponding  to  this,  have  to  attribute 
to  the  refilling  on  the  termination  of  the  contraction  of  those 
spaces,  which  were  emptied  at  the  commencement  of  the  sama 
Which  are  the  portions  of  the  vascular  tract,  that  are  narrowed 
by  the  contraction  of  the  muscle,  may  be  left  undecided,  until 
we  have  obtained  some  more  definite  evidence.    In  the  mean 
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while,  one  is  compelled  to  consider  it  probable,  that  it  is  not 
the  lumen  of  the  capillaries  which  is  pressed  together  by  the 
shortening  of  the  muscle  fibres.  It  would  at  all  events  be 
difficult  to  make  the  assumption  that  the  capillaries  are 
narrowed,  agree  with  the  fact,  that  during  a  long  continued 
steadily  strong  tetanus  the  rate  of  flow  can  increase  to  a  height 
far  surpassing  that  with  which  the  blood  flows  through  the 
muscle  at  rest. 

The  nerve-trunk  that  is  stimulated  contains,  as  we  have  al- 
ready been  obliged  to  conclude  from  the  results  of  its  section, 
nerves  acting  on  the  vessels,  and  probably  nerve-fibres  of  two 
kinds,  constricting  and  relaxing  fibres.  The  acceptance  of  fibres 
that  dilate  the  vessels  in  the  nerves  which  supply  the  muscles 
of  the  dog,  has  still  further  grown  in  probability,  as  I  have  since 
succeeded  in  discovering  nerves  of  this  nature  in  the  case  of 
the  mylo-hyoid  muscle  of  the  frog^.  If  one  however  assumes, 
that  by  the  tetanizing  of  the  crural  nerve  the  two  kinds  of 
vaso-motor  nerves  are  stimulated  at  the  same  time,  then  not 
only  the  usual  phenomena  but  also  all  other  deviations  from 
them  admit  of  explanation.  A  series  of  experiments,  which 
V.  Frey  has  performed  with  Prof.  Ludwig  in  the  Laboratory  at 
Leipzig,  has  shown  that,  in  the  case  of  the  simultaneous  stimu- 
lation of  the  vaso-constrictor  and  vaso-dilatator  nerves  of  an 
organ,  the  action  of  the  first  of  the  two  gets  the  mastery,  while 
on  the  contrary,  after  cutting  off  the  two  nerves  from  the  induc- 
tion current,  the  action  of  the  dilatator  fibres  becomes  manifest. 
Applying  this  rule  to  my  experiments,  all  those  cases  would 
come  under  it  where  the  rate  of  outflow  was  less  than  the  nor- 
mal during  the  stimulation,  but  rose  above  the  normal  after 
the  cessation  of  the  same.  If  one  in  addition  takes  into  con- 
sideration the  small  power  of  endurance  in  the  vaso-constrictor 
nerves  of  the  muscle,  as  observed  by  Hafiz,  then  it  is  clear,  why 
as  a  rule  in  the  case  of  stimulations  lasting  longer  than  15 
seconds,  a  decided  rise  in  the  rate  occurs  even  during  the  teta- 
nua  Should  however  observations  occur,  to  the  explanation  of 
which  the  theories  hitherto  suggested  are  not  sufficient,  then 
one  would  be  driven  to  think  of  changes  in  the  chemical  com- 
position of  the  vessel  wall  caused  by  the  well  known  decompo- 

1  Centralhlatt  filr  d.  med,  WisBeruchaften,  1876,  p.  657. 
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sition  products,  which  arise  from  the  contraction  of  the  musde. 
I  however  have  never  met  with  any  observation,  which  made 
such  an  explanation  necessary,  since  the  time  when  I  succeeded 
in  preventing  the  stagnation  of  the  blood  in  the  muscle;  on 
the  other  hand,  I  have  met  with  facts  which  speak  against  this 
theory.  For,  if  any  one  of  the  manifold  variations  of  the  blood- 
stream through  the  stimulated  muscle  ought  to  be  ascribed  to 
a  chemical  change  in  the  walls  of  the  vessels,  it  surely  must  be 
that  increase  of  flow,  which  takes  place  during  the  first  seconds 
after  the  termination  of  a  short  or  during  the  later  seconds  of 
a  longer  lasting  tetanus.  For  at  this  time  the  products  of  de- 
composition that  are  produced  within  the  muscle  must  be  the 
most  plentiful.  If  then  the  relaxation  of  the  vessel  wall  is  to 
be  attributed  to  a  change  in  chemical  composition,  it  ought  not 
to  be  removed  either  by  the  entrance  of  a  new  stimulation  or 
by  the  strengthening  of  a  previous  stimulation.  This  however 
does  happen,  as  the  observations  show  (see  Figs.  14  and  15). 
In  observation  14  the  strength  of  the  stimulation  was  suddenly 
increased,  after  it  bad  already  kept  the  muscle  steadily  in  a 
state  of  tetanus  for  35  seconds,  and  in  consequence  had  caused 
a  considerable  quickening  of  the  blood-flow ;  immediately  the 
rate  of  flow  sank  again  down  to  a  value,  which  was  even  below 
that  which  existed  shortly  after  the  commencement  of  the  teta- 
nus. In  observation  15  a  second  stimulation  was  given,  at 
times  when  the  increase  of  stream  had  attained  its  maximum 
after  a  tetanus  lasting  10  and  15  seconds  respectively.  Imme- 
diately on  the  entrance  of  the  new  stimulation,,  the  strong  jet 
of  blood  was  converted  into  a  flow  by  drops. 

The  relations  of  the  magnitudes  of  the  fluctuations  in  the 
rate  to  the  variations  in  the  stimulation  is  much  less  clearly 
brought  out  in  the  experiments,  than  the  time  relations.  The 
principal  obstacle  to  the  more  accurate  estimation  of  this  rela- 
tion consists  in  the  fact,  that  any  two  observations  arranged 
for  difierent  durations  and  strengths  of  stimulation  were  of 
necessity  carried  out  after  a  loss  of  blood  unequal  in  amount 
in  the  two  cases.  Experiment  shows  the  effect  of  this  latter  to 
be,  that  the  action  of  a  given  stimulation  diminishes  with  the 
diminishing  amount  of  blood  contained  in  the  body,  in  a  pro- 
portion which  cannot  be  more  nearly  defined.    This  difficulty. 
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which  canDot  be  avoided  on  account  of  the  method  of  obser- 
vation chosen,  does  not  however  cause  so  great  an  effect  as  to 
obscure  the  direction  in  which  the  variations  of  the  stimulation 
in  duration  and  strength  differ  from  each  other,  with  respect 
to  their  effect  on  >  the  blood-stream.  For,  since  the  loss  of 
blood  we^ens  the  result  of  a  stimulation  on  the  stream,  one 
can  conclude  with  certainty,  that  that  stimulation  had  a  more 
powerful  action,  which,  although  it  came  into  operation  after 
a  greater  loss  of  blood,  yet  increased  the  velocity  of  flow  to  a 
still  greater  degree  than  another,  which  occurred  when  the  ani- 
mal possessed  a  more  plentiful  supply  of  blood.  As  an  exatiiple 
of  this,  one  of  the  successful  series  of  experiments  wUl  suffice, 
which  was  performed  on  a  dog  whose  weight  before  the  begin- 
ning of  the  experiment  was  200  kilo.  The  meaning  of  the 
numbers  is  apparent  from  the  letter  press. 


Length 

andstrenf^thof 

■UmulatioiL 


1. 

2. 
8. 
4. 

5. 


5  seoondfl 
separate  eon- 

tractioDB. 

6  seconds 
strong  tetanus. 

10  seconds 
strong  tetanus. 

15  seconds 
strong  tetanns. 

80  seconds 
strong  tetanus. 


Outflow  before 

stimulmtion 

in  6  sec. 


2*4  com. 

2-3     „ 

2-1     „ 
1-8     „ 

r 


Mazimnni  of 

the  flow  after 

Btimulation 

inSaec. 


5-0  o.cm. 

16  1  „ 

12-9  ,. 

190  „ 

11-2  „ 


Duration  of 

the  increase  of 

flow  beyond  the 

nommL 


25  see. 

longer  than 
4Sseo. 

longer  than 
50  sec. 

longer  than 
115  sec. 

longer  than 
115  see. 


Amoantof 

blood  loet  before 

the  oommenoe- 

ment  of  the 

itimolation. 


114  aom. 


154    „ 

846    „ 
566    „ 


These  figures  clearly  show  that  a  tetanus  has  more  influ- 
ence than  a  series  of  separate  stimulations,  not  only  on  the 
duration,  but  also  on  the  maximum  value  of  the  increased  flow, 
and  that  a  tetanus  of  15  or  30  seconds  is  more  effective  in  both 
these  directions,  than  one  of  five  seconds'  duration.  One  cannot 
speak  more  definitely. 

The  results  of  stimulation,  under  varying  blood  contents  of 
the  animal,  help  to  make  clear  the  influences  which  condition 
the  increase  of  flow,  especially  as  it  is  possible  to  effect  as  great 
a  bleeding  of  the  animal  from  this  vein  by  means  of  a  series 
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of  stimulations  following  one  another,  as  by  the  opening  of  the 
two  carotida  Although  the  experiments  were  by  no  meaas 
devised,  in  order  to  carry  the  bleeding  from  the  vein  as  far  as 
possible,  yet  it  has  happened  during  them,  that  the  animal  has 
lost  as  much  as  4*5  per  cent,  of  its  body  weight  in  blood ;  aod 
the  loss  per  cent  could  have  been  raised  yet  higher,  if  the 
experiment  had  not  been  broken  off  for  other  reasons. 

It  has  already  been  conjectured,  that  the  outspurt  of  blood, 
which  accompanies  the  onset  of  a  tetanus,  is  dependent  upon 
the  pressing  out  of  certain  of  the  contents  of  the  vessels  of  the 
muscle  in  consequence  of  the  change  of  form  in  the  muscle.  It 
follows  from  this  assumption,  that  the  amount  of  blood  thrown 
out  by  the  commencing  tetanus  must  be  to  a  great  extent 
independent  of  the  quantity  of  blood  in  the  animal.  The 
amount  of  blood  contained  in  the  more  yielding  vascular  tracts, 
especially  therefore  in  the  veins,  is  as  we  know  firom  experience 
conditioned  in  a  much  higher  degree  by  the  resistance  to  the 
outflow,  than  by  the  strength  of  the  inflow.  Since  then,  ac- 
cording to  the  observations  already  communicated,  the  first 
remains  at  all  times  nearly  unaltered,  it  follows  that,  as  far  as 
the  lumen  of  the  veins  is  influenced  by  the  onset  of  the  tetanus, 
the  amount  of  blood  pressed  out  at  the  commencement  of  the 
stimulation  must  also  remain  unchanged.  The  following  table 
confirms  this.  The  plan,  by  which  this  table  was  formed,  will 
be  easily  understood  by  the  help  of  the  following  remarks. 
The  series  of  Eoman  numbers,  in  front  of  which  "  Order  of  the 
tetani"  stands,  are  numbers  representing  the  order  in  which 
the  tetanizing  shocks  followed  each  other  during  the  course  of 
the  experiment.  The  series  with  the  word  "Outspurt"  in 
front,  gives  the  volume  of  blood  in  ccm.  which  was  thrown  out 
in  a  fraction  of  the  first  second  of  the  tetanus.  The  series  after 
the  words  "  Flow  during  rest  **  indicates  the  volume  of  blood  in 
ccm.,  which  streamed  out  of  the  vein  during  five  seconds  before 
the  commencement  of  the  stimulation.  The  numbers  after  the 
words  "  Loss  of  blood  "  measure  in  acm.  the  volume  of  blood, 
which  the  animal  bad  lost  up  to  the  commencement  of  that 
particular  stimulation  denoted  by  the  Roman  number  standing 
above.  In  the  table,  only  those  observations  are  recorded,  in 
which  a  pause  of  some  minutes  occurred  between  two  oonsecu- 
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live  stimulations,  during  which  time  the  stream  out  of  the 
muscle  flowed  towards  the  heart. 

A. 


Order  of  the  tetani 

I. 

ni. 

IV. 

V. 

VI. 

Outspurt. 

Flow  daring  rest 

LoBB  of  blood. 

2-73 

? 

487 

4-68 

1-69 
740 

4-29 

f 

870 

3-77 

1-61 
930 

4-55 

1-75 
970 

B. 

Order  of  the  tetani. 

1. 

n. 

in. 

V. 

Outspurt. 

Flow  during  rest. 
Loss  of  blood. 

0-75 

2-48 
55 

0-95 

1-82 
104 

1-80 

0-95 

184 

2-28 

0-80 
802 

c. 

Order  of  the  tetani. 

Ul. 

IV. 

V. 

VI. 

VU. 

VTTT 

Outspurt. 

Flow  daring  rest. 

Loss  of  blood. 

402 

2-34 
154 

3-90 

2  14 
246 

403 

1-20 
845 

410 
? 

666 

416 

1-88 
774 

377 

? 

833 

Order  of  the  tetani. 

IX. 

X. 

XI. 

xir. 

xm. 

Outspurt 

Flow  danng  rest. 

Loss  of  blood. 

3-51 

1-60 
849 

3-51 

1-23 
863 

315 

1-08 
876 

3-23 

? 

891 

3-50 

113 
909 

D. 

Order  of  the  tetani. 

I. 

m. 

IV. 

V. 

VI. 

Outspurt. 

Flow  donng  rest^ 

lioss  of  blood. 

312 

3*64 
255 

2-60 

2-08 
606 

1-82 

1-88 
616 

1-43 

2*08 

772 

1-69 

? 

788 

E. 

• 

Order  of  the  tetani. 

L 

EL 

m 

IV.        VI. 

VII. 

vnr 

Outspurt. 
Flow  daring  rest. 

113 

1-23 

105 

f 

0-88     0-4a    070     0-52 

105          ?             f           1-23 

105 

0-70 

As  the  results  show,  the  amount  of  blood  thrown  out  from 
the  commencement  of  the  tetanus  to  the  stoppage  of  the  flow 
is  quite  independent  of  the  previous  loss.  Sometimes  the 
volume  of  the  same  remains  nearly  unaltered  in  successive  sti- 
mulations, in  spite  of  a  rapid  increase  in  the  loss  of  blood, 
sometimes  it  even  rises  again  in  the  period  near  that,  at  which 
death  from  bleeding  would  occur.  Therefore  the  fluctuations 
in  its  magnitude  must  depend  on  other  conditions  than  the 
amount  of  blood  in  the  animal.  Since  however  the  deviations 
in  value  are  but  small  throughout  any  one  experiment,  these 
conditions  may  be  found  in  small  changes  in  the  capacity  of 
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the  veins,  occaning  before  the  banning  of  the  different  stimu- 
lations, owing  to  the  unansesthetized  animal  not  always  keeping 
the  limb  in  the  same  position. 

From  the  numbers  which  stand  in  the  third  row  of  the 
above  table,  after  the  words  "Flow  daring  rest,"  it  appears 
that  the  rate  of  blood-flow  from  the  vein  of  the  muscle  at  rest 
diminishes  on  the  whole  with  the  increasing  loss  of  blood, 
though  by  no  means  in  proportion  to  this  increase. 

The  rate  at  which  the  blood  flows  after  the  tetanus,  on  the 
other  hand^  depends  most  markedly  on  the  quantity  of  blood  in 
the  animal ;  the  following  table  shows  this.  The  numbers  in  it 
are  arranged  similarly  to  the  last ;  it  is  only  necessaiy  to  add  to 
the  explanations  given  there,  that  the  Arabic  numbers  in  the 
first  row  of  every  experiment,  which  are  printed  close  to  the 
Boman  ones,  denote  the  time  of  the  duration  of  each  tetanua  As 
a  measure  of  the  magnitude  of  the  outflow  during  the  period 
after  the  tetanus,  I  have  chosen  the  maximum  value  that  was 
observed  in  any  five  seconds  of  this  period.  I  was  obliged  to 
limit  myself  to  this  method  of  estimation,  because,  in  by  far 
the  most  of  my  observations,  it  was  impossible  to  continue  the 
bleeding  until  the  more  rapid  stream  produced  by  the  stimu- 
lation had  again  returned  to  its  normal  value ;  I  also  considered 
the  estimate  I  have  given  sufficient  for  the  above  purpose, 
because  it  appears  to  be  the  rule,  that  the  stream  reaches  the 
normal  so  much  the  quicker  the  smaller  the  maximum  late 
attained  has  been.    Figs,  i,  5,  7  serve  as  examples  of  this. 

A.  Body  weight  36"5  kilo. 

Order  and  duration  of  I.  II  HI.  IV.  V.  VI. 

thetetani.  (15seo.)  (19min.)  (15 sec.)  (15seo.)  (SOseo.)  (158eo.) 

Mazimnm  of  the  after-flow.     7*15         16*6         8*58        4*94        2-86        1-43 

Flow  dnring  rest.  ?  ?  1-69  f  1-61        1«75 

Loss  of  blood.  487  580  740         870         930  970 

B.  Body  weight  9 '4  kilo. 


Order  and  duration  of 

I. 

III. 

IV. 

V. 

the  tetani. 

(6  seo.) 

(8  seo.) 

(5  min.) 

(15  seo.) 

Mazimnm  of  the  after- flow. 

7-35 

6-03 

1-93 

6-30 

Flow  during  rest. 

2-48 

0-96 

0-45 

0-80 

Loss  of  blood. 

55 

184 

250 

802 

Pressure  in  carotis. 

156  mm. 

125  mm. 

74  mm. 

51mm.  (at  end  of 
after-flow.) 

i 
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C.  Body  weight  20-0  kilo. 

Order  and  duration  of         m.         IV.  V.  VI.  VIL       VTU. 

the  tetani.  (Sseo.)  (10  see.)  (15  see.)  (80  sec.)  (ISseo.)  (lOaeo.) 

Mazimiun  of  the  after-flow.  16  08      12-86       18-98       1820        6*50        1*56 
Flow  dnring  rest.  2-34        214         1*20  t  1*88  7 

Lobs  of  blood.  164         246         845  666  774        838 

Order  and  duration  of         IX.  X.  XI.         XII.        XHt. 

the  tetani.  (5  see.)  (10  sec.)  (15  sec.)  (SOseo.)  (80  see.) 

Maximum  of  the  after-flow.    1-30       1-17         1-06        0-88        1*44 
Flow  during  rest.  1-60       1-23         1-08  ?  1-18 

Lofis  of  blood.  849         868  876  891  909 

D.  Body  weight  225  kilo. 

Order  and  duration  of  L  IL  TV.  V.  VL 

the  tetani.  (16  sec.)    (6  min.)    (6  min.)    (16  see.)    (6  min.) 

Maximum  of  the  after-flow.  19-24  18-52  10-14  2-99  4-16 

Flow  during  rest.  8*64  8*12  1*88  2-08             ? 

Lo68  of  blood.  265  480  616  772  788 

Pressure  in  carotifl  88mm.  28mm. 

E.  Body  weight  ? 

Order  and  duration  of         L         H.        ITL         V.        VL       VIE.      Vm. 
the  tetani.  (158.)    (Im.)    (15  8.)    (15  8.)    (Im.)    (16a)     (Im.) 

Maximum  of  the  after-flow.  4-45      2*63      8-60       2-8        4*0        2*46       8*41 
Flow  during  rest.  1-28        ?         1-05      0*92         f  1*23       0*70 

Since  the  tension  in  the  axteries  sinks  with  the  increase 
of  the  loss  of  blood,  one  would  expect  under  all  circumstances^ 
that  the  quickening  of  the  blood-stream  which  occurs  after 
the  end  of  the  nerve  stimulation  would  diminish  in  a  corre- 
sponding' degree.  There  would  have  been  no  need  for  the 
above  table  in  order  simply  to  testify  to  this  fact  It  was 
impossible  however  to  predict  beforehand  the  law  after  which 
the  outflow  would  diminish  with  the  increasing  loss  of  blood, 
and  about  this  we  obtain  some  insight  from  the  above  series 
of  figures.  Thus,  for  example  in  experiment  A,  there  are  4 
stimulations  of  15  seconds  duration  occurring  after  different 
amounts  of  blood  had  been  expended.  When  the  loss  of  blood, 
which  before  the  first  stimulation  had  amounted  to  487  c.cm., 
had  increased  to  740,  i.  e.  by  the  considerable  amount  of 
253  com.,  the  maximum  rate  had  not  as  yet  diminished,  for 
the  maximum  volume  of  outflow  in  5  seconds  after  the  first 
tetanus  amounted  to  7%  after  the  second  to  86  c.cm.  Al- 
though now  only  130  com.  of  blood  flowed  out  between  the 
second  and  third  tetanus,  yet  the  volume  of  the  flow  in  5 
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seconds  during  the  time  of  maximum  rate  fell  to  4*9,  Le.  to  O^ST 
times  the  former  value.    And  though  between  the  third  and 
fourth  tetanus  a  further  loss  of  only  100  c.cm.  was  recorded, 
yet  the  volume  that  flowed  out  during  the  time  of  maximum 
rate  diminished  to   1*4  ccm.,  i.e.  to  0*16  times  the  amount 
measured  after  the  second,  and  0*28  times  that  after  the  third 
tetanus.     In  this  animal  then^  no  fall  in  the  maximum  rate 
could  be  noticed  in  consequence  of  the  rising  loss  of  blood, 
as  long  as  the  amount  lost  did  not  exceed  2  per  cent  of  its 
body  weight.    As  soon  however  as  the  amount  arose  above 
this  limit,  then  proportionately  small  losses  of  blood  diminished 
the  maximum  rate,  which  occurs  after  the  end  of  the  tetanus, 
to  such  a  marked  extent,  that  it  decreased  much  quicker  than  - 
the  blood  contents  of  the  animal.     The  observations  obtained 
from  the  4  other  animals  correspond  with  this.     Since  how- 
ever neither  the  amounts  of  blood  lost,  nor  ,the  times  of  teta- 
nizing  were  arranged  from  the  point  of  view  just  expressed, 
they  are  not  suitable  for  the  deduction  of   a  law;   though 
they  appear  good   enough   to  draw  attention  to  the  question 
suggested,  the  answering  of  which  would  be  of  importance, 
as  well  for  the  nutrition  of  the  muscle  in  individuals  with 
a  poor  supply  of  blood,  as  for  the  regulation  of  the  resist- 
ances to  the  blood-stream  in  the  case  of  varying  amounts 
of  blood. 

The  figures  make  us  acquainted  with  another  peculiarity, 
which  happens  to  the  blood-flow  through  the  repeatedly  teta- 
nized  muscle  of  an  animal  that  is  deficient  in  blood  supply. 
In  the  animals  A.  (tet.  vi.)  and  B.  (tet.  ix.  to  xi.)  the  maximum 
reached  by  the  outflow  during  the  time  immediately  following 
the  tetanus  is  very  nearly  equal  to  or  even  smaller  than  that 
occurring  before  the  beginning  of  the  stimulation.  If  one 
were  to  conclude  from  this,  that  there  is  an  essential  difference 
between  the  changes  produced  in  the  flow  through  the  muscle  of 
an  animal  that  is  deficient  in  blood,  by  the  stimulation  of  its 
nerve,  and  those  in  an  animal  that  is  rich  in  blood,  then  the 
curves  which  show  the  whole  course  of  the  variations  in  rate 
will  teach  us  the  contrary,  see  Figs.  8  and  9.  In  accordance 
with  these  diagrams,  the  chief  difference  between  the  flow 
through  the  muscle  of  an  animal  rich  in  blood  and  another 
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poor  in  blood  is  seen  to  consist  essentially  in  this,  that  those 
portions  of  the  curve,  in  which  the  stream  sinks  below  the 
normal  strength,  last  longer  under  the  latter  circumstances 
than  the  former,  and  that  the  quickening  of  the  stream  after 
the  end  of  the  tetanus  reaches  a  much  smaller  height  in 
animals  that  are  deficient  in  blood.  Since  the  phenomena 
observed  were  noticed  after  the  nerve  had  been  repeatedly 
stimulated,  and  at  the  same  time  the  arterial  pressure  much 
lowered,  it  is  impossible  with  certainty  to  make  either  the 
deficiency  of  blood  alone  or  the  exhaustion  of  vaso-dilatator 
fibres  answerable  for  its  occurrence,  though  probability  would 
rather  point  to  the  first  explanation. 

After  the  facts  communicated  in  this  paper,  it  is  no  longer 
possible  for  any  one  to  doubt,  that  the  rate  of  the  blood-flow 
through  the  muscle  of  an  uninjured  animal  is  subject  to  varia- 
tions similar  to  those  observed  under  the  conditions,  which 
were  realized  in  Sadler's  and  my  experiments.  If  then  one 
is  to-  make  use  of  the  facts  of  these  experiments  to  explain 
what  occurs  in  the  natural  condition,  one  must  above  all  make 
sure,  how  far  the  conditions  in  the  two  cases  correspond.  If 
the  spurt-like  quickening  of  the  stream,  which  occurs  at  the 
onset  of  the  contraction  of  the  muscles,  depends  truly  only 
on  the  change  of  form  in  the  muscle,  then  it  will  take  place 
on  every  kind  of  stimulation  whether  artificial,  reflex  or  volun- 
tary. The  case  may  be  difierent  however  with  the  weakening 
of  the  stream  during  the  first  seconds  of  the  tetanus,  and  with 
the  flooding  which  takes  place  regularly  after  the  termination 
of  a  tetanus,  or  during  it  in  the  case  of  a  long  tetanus.  If 
these  two  peculiarities  of  the  flow  owe  their  origin  to  the 
stimulation  of  nerves  which  differ  both  from  each  other,  and 
speaking  in  a  narrow  sense,  from  the  muscle  nerves,  then  it 
is  of  course  questionable,  whether  stimulation  of  them  too 
comes  into  play  in  the  case  of  voluntary  and  reflex  move- 
ments. 

I  had  no  opportunity  of  observing,  whether  the  rate  of 
stream  diminishes  a  short  time  after  the  commencement  of  a 
tetanus  caused  either  by  reflex  or  voluntary  action;  I  would 
not  have  any  one  conclude  from  this  remark,  that  this  does 
not  occur,  for  I  never  set  myself  to  find  out  how  the  stream 
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behaves  during  a  contraction  caused  by  natural  stimuli  How- 
ever, by  mere  chance  observations^  one  cannot  overlook  the 
fact^  that  the  blood-stream  is  quickened  strongly  and  in  a  more 
or  less  lasting  manner  every  time  that  the  animal^  before  the 
section  of  the  nerve,  moves  of  its  own  accord  those  muscles, 
from  which  the  open  vein  proceeds.  It  appears  then  that  in 
this  respect  also  there  is  an  agreement  between  the  phenomena 
of  secretion  in  the  salivary  glands  and  the  contraction  of  a 
muscle^  in  that  both  are  accompanied  by  a  rapid  blood-flow, 
which  must  in  many  ways  assist  the  mechanism  by  which  these 
actions  are  produced. 

Since,  as  I  have  said,  I  have  conducted  no  methodical  series 
of  observations  on  muscles  contracting  either  by  voluntary  or 
reflex  action,  I  am  not  in  a  position  to  throw  any  light  on 
the  nature  of  the  quickening  during  a  tetanus  produced  na- 
turally or  reflexly.  Inquiry  into  the  same  may  be  left  for 
later  researches. 

I  have  thought  it  best  to  leave  this  paper  as  it  was  origi- 
nally written,  rather  than  to  modify  it  in  accordance  with  my 
later  experiments  on  the  vessels  of  the  mylo-hyoid  muscle  of 
the  frog.  The  description  of  these  experiments,  and  the  altera- 
tions that  they  have  caused  in  some  of  the  views  expressed 
here,  will  I  hope  form  the  subject  of  a  future  paper. 
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A  CIRCULATION  STAGE,  A  LIVE-DEVELOPMENT 
SLIDE,  AND  AN  IMPROVED  DRAWING  REFLEC- 
TOR. By  H.  A  Reeves,  Assistant  Surgeon  and  Teacher 
of  Practical  Surgery  af  ike  London  Hospital. 

Althottqh  several  forms  of  apparatus  have  been  devised  for 
the  study  of  the  circulation,  whether  normal  or  in  inflammation, 
in  fish  and  amphibia,  only  one  means  at  all  satisfactory  has 
been  hitherto  used  in  the  examination  of  the  circulation  in 
warm-blooded  animals,  and  that  is  the  Sanderson-Strieker 
apparatus  for  the  omentum  of  the  guinea-pig,  and,  perhaps,  the 
rabbit.  This,  though  undoubtedly  a  great  advance,  is  some- 
what complicated,  and  cannot  be  applied  to  the  examination 
of  other  parts,  aB,  for  instance,  the  third  eyelid  or  nictating 
membrane. 

To  meet  this  difficulty  I  have  devised  a  stage,  to  be  fitted 
to  ordinary  microscopes,  which  can  be  used  in  the  upright 
position  of  the  instrument,  and  which  I  think  will  meet  with 
the  approval  of  practical  histologists,  as  it  can  be  used  for 
birds,  rabbits  and  small  dogs.  The  diagram.  Fig.  1,  will 
show  that  it  consists  of  two  parts,  A  and  B,  which  may  be 
separated  by  simply  drawing  them  apart,  and  which  are  kept 
fixed  by  arms  dd  sliding  into  sockets  in  B,  which  has  perfora- 
tions for  grooved  pins  on  which  the  part  to  be  examined  is 
fixed.  This  figure  represents  the  stage  closed  as  for  ordinary 
use,  but  when  the  circulation  is  to  be  studied  A  is  withdrawn, 
and  the  anaesthetized  animal  is  brought  to  the  left  side  of  B, 
and  placed  in  a  suitable  position  and  at  the  proper  height  by  a 
block  or  book,  after  fine  threads  have  been  passed  through  the 
eyelid,  which  is  to  be  fixed  over  the  cover-glass  E,  Fig.  2, 
previously  gummed  to  the  aperture.  Over  this  is  a  second 
cover-glass  represented  by  the  interrupted  line  in  B,  Fig.  2, 
which  is  prevented  from  pressing  on  the  membrane  by  a  thin 
rim  of  putty  or  filter-paper  placed  on  B.  Between  these  two 
glasses  and  to  their  left  the  object  can  be  kept  moist  with 
aqueous  humour,  fresh  serum,  or  tepid  salt  solution.  B,  Fig.  2, 
also  represents  the  membrane  fixed  to  the  pins  and  between 
the  cover-slips. 
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With  birds  and  small  mammals  A  could  be  used  instead  of 
B,  if  the  animal  were  desired  to  be  examined  from  the  opposite 
side,  but  the  projecting  arms  would  be  in  the  way  in  the  case 
of  larger  ones.  In  this  event,  of  course,  A  would  need  to  be 
similarly  perforated  for  the  pins  to  B, 

This  stage  will  necessitate  two  modifications  in  the  me- 
chanical arrangements  of  ordinary  microscope-stands,  but  these 
will  not  interfere  in  any  way  with  their  usual  effidency,  but 
will  be  simple  and  useful  additions.  One  is  the  fixing  of  the 
stage  to  the  stand  so  as  to  permit  of  the  removal  of  half  of  the 
former,  the  other  is  the  provision  of  a  means  of  rotating  the 
tube  so  as  to  allow  of  the  study  of  different  parts  of  the  fields 


•  •  • 


•  • 


^  Mr  Swift,  of  University  Street,  will  make  and  supply  the  above-desoribed, 
as  well  as  the  following  simple  apparatus,  which  I  have  called  a  Live-develop- 
ment slide,  Figs.  8  and  4,  beoause  it  permits  of  small  living  aquatic  animals  and 
larvsB  being  watched  for  hours  or  days,  either  as  regards  their  circulation  or 
growth,  azid  also  of  the  prolonged  examination  of  the  changes  in  the  ova  of  fish 
or  amphibia.    It  will  also  be  of  service  in  the  study  of  small  aquatic  plants. 

It  consists  of  a  2-8  inch  thick  glass  slide,  4  in.  by  2  in.,  with  an  oval  depres- 
sion in  its  centre,  from  which  run  two  grooves  (or  perforations  if  preferred)  to 
either  end  of  the  slide.  At  Uie  central  end  tiie  grooves  are  somewhat  enlaiged, 
and  at  their  outer  ends  are  two  tubular  fittings,  to  which  are  connected  rubber- 
tubings  of  corresponding  smaU  bore,  one  of  which  is  the  supply  and  the  other 
the  waste-pipe.  A  smaU  perforated  weight  is  attached  to  the  supply-pipe,  which 
is  placed  in  a  jug  or  tumbler  which  can  be  raised  to  increase  the  flow  of  water,  if 
needed.  A  spring-catch  may  be  afiized  to  either  tube  to  prevent,  as  the  case 
may  be,  either  ingress  or  egress.  The  outlet  tube  may  be  placed  between  the 
lips,  and  the  flow  made  more  rapid  by  suction. 
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The  omentum  and  mesentery,  which  require  to  be  kept  at  their 
normal  temperature,  cannot  be  studied  with  this  arrangement 
— as  it  can  be  used  for  birds,  rabbits,  or  small  dogs — ^but  this 
matters  the  less,  as  the  third  eyelid  of  birds,  the  rabbit;  the 
patagium,  and  the  web  of  some  birds,  offer  a  sufficiently  large 
field  for  observation  and  experimental  inquiry  in  warm-blooded 
vertebrates.  I  have  also  thought  out  and  shewn  to  Mr 
Hawksley  a  rough  sketch  of  aii  arrangement  by  which  the 
eyelid  of  a  non-ancBsthetized  rabbit  may  be  studied;  but  this 
will  necessitate  the  use  of  the  Czermak  rabbit-holder,  a  trans- 
parent stage,  and  a  horizontal  position  of  the  microscope. 

Fig.  5  represents  a  simple  arrangement  for  the  purpose  of 
making  prolonged  drawing  less  irksome,  as  it  can  be  used  in^ 
the  upright  position  of  the  instrument,  thus  preventing  the 
congestion  of  the  head  and  eyes  which  too  often  result  from  the 
lengthened  use  of  ordinary  cameras,  reflectors  or  prisms.  To 
the  cap  which  fits  on  to  the  eyepiece  is  attached  a  bracket 
carrying  a  frame  into  which  is  fitted  a  cover-slip  or  neutral- 
tint  reflector.  The  joint  connecting  the  frame  and  bracket 
permits  of  the  inclination  of  the  reflector  to  any  desired  angle, 
and  rotation  on  a  vertical  axis  is  provided  for,  as  the  cap  can 
be  turned  round  on  the  eye-piece. 

The  observer's  eyq  held  at  a  little  distance  from  the  ap- 
paratus projects  the  reflected  image  through  the  reflector  on  to 
the  drawing-pad,  and  the  image  and  pencil  are  seen  at  the 
same  time.    Mr  Swift  makes  the  instrument. 
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THE  DEVELOPMENT  OF  ELASMOBRANCH  FISHES. 
By  F.  M.  Balfour,  B.A,  FeUaw  of  Trinity  College,  Cam^ 
bridge.    (Plates  xv.  xvi.  xvu.  xvul  xix.) 

Continued  from  p.  172. 

External  Epiblaet* 

The  change  already  alluded  to  in  the  previous  section  (p.  130) 
hy  which  the  external  epiblast  or  epidermis  becomes  divided 
into  two  layers,  is.  completed  before  the  close  of  stage  L. 

In  the  tail  region  at  this  stage  three  distinct  strata  may  be 
recognized  in  the  epidermis.  (1)  An  outer  stratum  of  flattened 
homy  cells,  which  fuse  together  to  form  an  almost  continuous 
membrane.  (2)  A  middle  stratum  of  irregular  partly  rounded 
and  partly  flattened  cells.  (3)  An  internal  stratum  of  columnar 
cells,  bounded  towards  the  mesoblast  by  a  distinct  basement 
membrane  (PL  xv.  fig.  8),  unquestionably  pertaining  to  the 
epiblast  This  layer  is  especially  thickened  in  the  teiminal  parts 
of  the  paired  fins  (PI.  XT.  fig.  1).  Tlie  two  former  of  these 
strata  together  constitute  the  epidermic  layer  of  the  skin,  and 
the  latter  the  mucous  layer. 

In  the  anterior  parts  of  the  body  during  stage  L  the  skin       < 
only  presents  two    distinct  strata,  viz.  an    inner   somewhat 
irregular  layer  of  rounded  cells,  the  mucous  layer,  and  an  outer 
layer  of  flattened  cells  (PL  xv.  fig.  8). 

The  remaining  history  of  the  external  epiblast,  consistiug  as 
it  does  of  a  record  of  the  gradual  increase  in  thickness  of  the 
epidermic  strata,  and  a  topographical  description  of  its  varia- 
tions in  structure  and  thickness  in  different  parts,  is  of  no 
special  interest  and  need  not  detain  us  here. 

In  the  late  embryonic  periods  subsequent  to  stage  Q  the 
layers  of  the  skin  cease  to  be  so  distinct  as  at  an  earlier  period, 
partly  owing  to  the  innermost  layer  becoming  less  columnar,        , 
and  partly  to  the  presence  of  a  large  number  of  mucous  cells,       i 
which  have  by  that  stage  made  their  appearance. 

I  have  followed  with  some  care  the  development  of  the        i 
placoid  scales,  but  my  observations  so  completely  accord  with 
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those  of  Dr  O.  Hertwig*,  that  it  is  not  necessary  to  record 
them.  The  so-called  enamel  layer  is  a  simple  product  of  the 
thickening  and  calcification  of  the  basement  membrane,  and 
since  this  membrane  is  derived  from  the  mucous  layer  of  epi- 
dermis, the  enamel  is  clearly  to  bo  viewed  as  an  epidermic 
product.  There  is  no  indication  of  a  gradual  conversion  of  the 
bases  of  the  columnar  cells  forming  the  mucous  layer  of  the 
epidermis  into  enamel  prisms,  as  is  frequently  stated  to  occur 
in  the  formation  of  the  enamel  of  the  teeth  in  higher  verte« 
brates. 

Ldteral  tine. 

The  lateral  line  and  the  nervous  structures  appended  to  it 
have  been  recently  studied  from  an  embryological  point  of 
view  by  Gdtte*  in  Amphibians  and  by  Semper*  in  Elasmo- 
branchs. 

The  most  important  morphological  result  which  these  two 
distinguished  investigators  believe  themselves  to  have  arrived 
at  is  the  direct  derivation  of  the  lateral  nerve  from  the  ecto- 
derm. On  this  point  there  is  a  complete  accord  between  them, 
and  Semper  especially  explains  that  it  is  extremely  easy  to 
establish  the  fact 

As  will  appear  from  the  sequel,  I  have  not  been  so  fortunate 
as  Semper  in  elucidating  the  origin  of  the  lateral  nerve,  and 
my  observations  bear  an  interpretation  not  in  the  least  in 
accordance  with  the  views  of  my  predecessors,  though  not 
perhaps  quite  conclusive  against  them. 

It  must  be  premised  that  two  distinct  stnictures  have  to 
be  dealt  with,  viz.  the  lateral  line  formed  of  modified  epidermis, 
and  the  lateral  nerve  whose  origin  is  in  question. 

The  lateral  line  is  the  first  of  the  two  to  make  its  appear- 
ance, at  a  stage  slightly  subsequent  to  E,  in  the  form  of  a  linear 
thickening  of  the  inner  row  of  cells  of  the  external  epiblast,  on 
each  side,  at  the  level  of  the  notochord. 

This  thickening,  in  my  youngest  embryo  in  which  it  is 
found,   has  but  a  very  small  longitudinal   extension,  being 

^  Jenaisehe  Zeitsehrift,  Vol.  vin. 

*  Entwicklungsgeichiehte  d.  Unke» 

*  Urogenital-tysUm  d»  Selachier,     Semper's  ArMten,  Bd.  it. 
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present  through  about  10  thin  sections  in  the  last  part  of  ihe 
head  and  first  part  of  the  trunk.  The  thickening,  though  short, 
is  very  broad,  measuring  about  0*28  Mm.  in  transverse  section, 
and  presents  no  signs  of  a  commencing  differentiation  of 
nervous  structures.  The  large  intestinal  branch  of  the  Tagns 
can  be  seen  in  all  the  anterior  sections  in  close  contact  "with 
this  line,  and  appears  to  me  to  give  off  to  it  posteriorly  a  small 
special  branch  which  can  be  traced  through  a  few  sections,  vide 
FL  xv.  fig.  2  nJ.  But  this  branch  is  not  sufficiently  well 
marked  to  enable  me  to  be  certain  of  its  real  character.  In 
any  case  the  posterior  part  of  the  lateral  line  is  abscluteljf 
wMiwt  any  adjoining  neyDOus  structures  or  traces  of  such. 

The  rudiment  of  the  epidermic  part  of  the  lateral  Kne 
is  formed  of  specially  elongated  cells  of  the  mucous  layer  of  the 
epiblast,  but  around  the  bases  of  these  certain  rounder  cells  of 
a  somewhat  curious  appearance  are  intercalated. 

There  is  between  this  and  my  next  youngest  embryo  an 
unfortunately  large  gap  with  reference  to  the  lateral  line, 
although  in  almost  every  other  respect  the  two  embiyos  might 
be  regarded  as  belonging  to  the  same  stage.  The  lateral  line 
in  the  older  embryo  extends  from  the  hind  part  of  the  head  to 
a  point  well  behind  the  anus,  and  is  accompanied  by  a  nerve  for 
at  least  two-thirds  of  its  length. 

In  the  foremost  section  in  which  it  appears  the  intestinal 
branch  of  the  vagus  is  situated  not  far  from  it,  and  may  be 
seen  ai  intervals  giving  off  branches  to  it.  There  is  no  sign 
that  these  are  otherwise  than  perfectly  normal  branches  of 
the  vagus.  Near  the  level  of  the  last  visceral  deft  the  in- 
testinal branch  of  the  vagus  gives  off  a  fair-sized  brandi,  which 
from  the  first  occupies  a  position  close  to  the  lateral  line, 
though  well  within  the  mesoblast  (PL  xv.  fig.  3a}.  This  branch 
is  the  lateral  nerve,  and  though  somewhat  larger,  is  otherwise 
much  like  the  nerve  I  fancied  I  could  see  originating  from  the 
intestinal  branch  of  the  vagus  during  the  previous  stage. 

It  rapidly  thins  out  posteriorly  and  also  approaches  closer 
and  closer  to  the  lateral  line.  At  the  front  end  of  the  trunk 
it  is  quite  in  contact  with  it,  and  a  short  way  behind  this  r^on 
the  cells  of  the  lateral  line  arrange  themselves  in  a  gable-like 
form,  in  the  angle  of  which   the   nerve  is  situated  (PL  xv. 
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fig.  3b,  and  3o).  In  this  position  the  nerve  though  small 
is  still  very  distinct  in  all  good  sections,  and  is  formed  of  a  rod 
of  protoplasm,  with  scattered  nuclei,  in  which  I  could  not  detect 
a  distinct  indication  of  cell-areas.  The  hinder  part  of  the  nerve 
becomes  continually  smaller  and  smaller,  without  however  pre- 
senting any  indication  of  becoming  fused  with  the  ^iblast,  and 
eventually  ceases  to  be  visible  some  considerable  distance  in 
front  of  the  posterior  end  of  the  lateral  line. 

The  lateral  line  itself  presents  some  points  of  not  incon- 
sidemble  interest.  In  the  first  place,  it  is  very  narrow  an- 
teriorly and  throughout  the  greater  part  of  its  length,  but 
widens  out  at  its  hinder  end,  and  is  widest  of  all  at  its  ter« 
mination,  which  is  perfectly  abrupt.  The  following  measure- 
ments of  it  were  taken  from  an  embryo  belonging  to  stage  L» 
which  though  not  quite  my  second  youngest  embryo  is  only 
slightly  older.  At  its  hinder  end  it  was  0*17  Mm.  broad.  At 
a  point  not  tar  from  this  it  was  6*09  Mm.  broad,  and  anteriorly 
it  was  0*05  Mm.  broad.  These  measurements  clearly  show  that 
the  lateral  line  is  broadest  at  what  may  be  called  its  growing-^ 
point,  a  fact  which  explains  its  extraordinary  breadth  in  the 
anterior  part  of  the  body  at  my  first  stage,  viz.  0*28  Mm.,  a 
breadth  which  strangely  contrasts  with  the  breadth,  viz.  0'05  Mm., 
which  it  has  in  the  same  part  of  the  body  at  the  present  stage. 

It  still  continues  to  form  a  linear  area  of  modified  epidermis, 
and  has  no  segmental  characters.  Anteriorly  it  is  formed  by 
the  cells  of  mucous  layer  becoming  more  columnar  (PL  xv. 
fig.  3a).  In  its  middle  region  the  cells  of  the  mucous  layer 
in  it  are  still  simply  elongated,  but,  as  has  been  said  above, 
have  a  gable-like  arrangement,  so  as  partially  to  enclose  the 
nerve  (PI.  xv.  fig.  36).  Nearer  the  hind  end  of  the  trunk  a 
space  appears  in  it  between  its  columnar  cells  and  the  flattened 
cells  of  the  outermost  layer  of  the  skin  (PI.  XV.  fig.  3c),  and 
this  space  becomes  posteriorly  invested  by  a  very  definite  layer 
of  cells.  The  space  (PL  xv.  fig.  3(2)  or  lumen  has  a  slit-like 
section,  and  is  not  formed  by  the  closing  in  of  an  originally 
open  groove,  but  by  the  formation  of  a  cavity  in  the  midst 
of  the  cells  of  the  lateral  line.  Its  walls  are  formed  by  a  layer 
of  columnar  cells  on  ithe  inner  side,  and  flattened  cells  on  the 
outer  side,  both  layers  however  appearing  to  be  derived  from 
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the  mucous  layer  of  the  epidermis.    The  outer  layer  of  cells 
attains  its  greatest  thickness  dorsally. 

During  stages  M,  N,  O,  the  lateral  nerve  gradually  passes 
inwards  into  the  connective  tissue  between  the  dorso-lateral 
and  the  ventro-lateral  muscles,  and  becomes  even  before  the 
close  of  stage  N  completely  isolated  from  the  lateral  line. 

The  growth  of  the  lateral  line  itself  remains  for  some  time 
almost  stationary;  anteriorly  the  cells  retain  the  gable-like 
arrangement  which  characterised  them  at  an  earlier  period, 
but  cease  to  enclose  the  nerve ;  posteriorly  the  line  retains  its 
original  more  complicated  constitution  as  a  closed  canal.  In 
^tage  O  the  cells  of  the  "anterior  part  of  the  line,  as  well  as 
those  of  the  posterior,  commence  to  assume  a  tubular  arrange* 
ment,  and  the  lateral  line  takes  the  form  of  a  canaL  The  tubular 
form  is  due  to  a  hoUowiug  out  of  the  lateral  line  itself  and  a 
rearrangement  of  its  cells. 

In  stage  P  the  first  indication  of  segmental  apertures  to  the 
exterior  make  their  appearance,  vide  PL  XV.  fig.  4.  The  lateral 
line  forms  a  canal  situated  completely  below  the  skin,  but 
at  intervals  (corresponding  with  segments)  sends  upwards  and 
outwards  prolongations  towards  the  exterior.  These  prolonga- 
tions do  not  during  stage  P  acquire  external  openings.  As 
is  shown  in  my  figure,  a  special  area  of  the  inner  border  of  the 
canal  of  the  lateral  line  becomes  distinguished  by  its  structure 
from  the  remainder. 

No  account  of  the  lateral  line  would  be  complete  without 
some  allusion  to  the  similar  sensory  structures  which  have  such 
a  wide  distribution  on  the  heads  of  Elasmobranchs ;  and  this  is 
especially  important  in  the  present  instance,  owing  to  the  light 
thrown  by  a  study  of  their  development  on  the  origin  of  the 
nerves  which  supply  the  sense-organs  of  this  class.  The  so- 
called  mucous  canals  of  the  head  originate  in  the  same  way  as 
does  the  lateral  line ;  they  are  products  of  the  mucous  layer  of 
the  epidermis.  They  eventually  form  either  canals  with  nume* 
rous  openings  to  the  exterior,  or  isolated  tubes  with  terminal 
ampuUiform  dilatations. 

I  have  not  definitely  determined  whether  the  canal-system 
of  the  head  ai*ises  in  connection  with  the  lateral  line,  or  only 
eventually  becomes  so  connected.    The  important  point  to  be 
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noticed  is,  that  at  first  no  nervous  structures  are  to  be  seen  in 
connection  with  it.  In  stage  O  nerves  for  the  mucous  canals 
make  their  appearance  as  delicate  branches  of  the  main  stems. 
These  nerve-stems  are  v^y  much  ramified,  and  their  branches 
have^  in  a  large  number  of  instances,  an  obvious  tendency 
towards  a  particular  sense-organ  (PL  xv.  figs.  5  and  6). 

I  have  not  during  stage  O  been  able  to  detect  a  case  of 
direct  continuity  between  the  two.  This  is,  however,  esta- 
blished in  the  succeeding  stage  P,  in  the  case  of  the  canals,  and 
the  facility  with  which  it  may  be  observed  would  probably 
render  the  embryo  Elasmobranch  a  very  favourable  object  for 
studying  the  connection  between  netves  and  terminal  sense- 
organs.  The  nerve  (PI.  XV.  fig.  7)  dilates  somewhat  before 
-uniting  with  the  sense-organ,  and  the  protoplasm  of  the  nerve 
and  the  sense-organ  become  completely  fused.  The  basement 
membrane  of  the  skin  is  not  continuous  across  their  point  of 
junction,  and  appears  to  unite  with  a  delicate  membrane-like 
structure,  which  invests  the  termination  of  the  nerve.  The 
ampullae  would  seem  to  receive  their  nervous  supply  somewhat 
later  than  the  canals,  and  the  terminal  swellings  of  the  nerves 
supplying  them  are  larger  than  in  the  case  of  the  canals,  and 
the  connection  between  the  ampullsa  and  the  nerves  not  so 
clear.  In  the  case  of  the  head,  there  can  for  Elasmobranchs  be 
hardly  a  question  that  the  nerves  which  supply  the  mucous 
canals  grow  oentrifugally  from  the  original  cranial  nerve-stems, 
and  do  not  originate  in  a  peripheral  manner  from  the  integu- 
ment. 

This  is  an  important  point  to  make  certain  of  in  settling 
any  doubtful  features  in  the  nervous  supply  of  the  lateral 
line.  Professor  Semper^  with  whom  as  dealing  with  Elasmo- 
branchs we  are  more  directly  concerned,  makes  the  following 
statement :  ''At  the  time  when  at  the  front  end  the  lateral  nerve 
has  already  completely  separated  itself  from  the  ectoderm,  and 
is  situated  amongst  the  muscles,  it  still  lies  in  the  middle  of 
the  body  close  to  the  ectoderm,  and  at  the  hind  end  of  the 
hody  is  not  yet  completely  segmented  oflf  (abgegliedert)  from 
the  ectoderm."  Although  the  last  sentence  of  this  quotation 
may  seem  to  be  opposed  to  my  statements,  yet  it  appears  to  me 

1  Loc.  ciL  p.  898. 
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probable  that  Professor  Semper  has  merely  seen  the  lateral 
nerve  partially  enclosed  in  the  ectoderm.  This  position  of  the 
nerve  no  doubt  affords  a  preswnption,  bui  only  a  presumption, 
in  favopr  of  a  direct  origin  of  the  lateral  nerve  from  the  ecto- 
derm ;  but  against  this  interpretation  of  it  are  the  following  facts: 

(1)  That  the  front  part  of  the  lateral  line  is  undoubtedly 
supplied  by  branches  which  arise  in  the  ordinary  way  from  the 
intestinal  branch  of  the  vagus ;  and  we  should  not  expect  to 
find  part  of  the  lateral  line  supplied  by  nerves  which  originate 
in  one  way,  and  the  remainder  supplied  by  a  nerve  having 
a  completely  different  and  abnormal  mode  of  origin. 

(2)  The  growth  of  the  lateral  line  is  quite  independent  of 
that  of  the  lateral  nerve  :  the  latter  arises  subsequently  to  the 
lateral  line,  and,  so  far  as  is  shown  by  the  inconclusive  observa- 
tion of  my  earliest  stage,  as  an  offshoot  from  the  intestinal 
branch  of  the  vagus ;  and  though  it  grows  along  at  first  in  close 
contact  with  the  lateral  nerve,  yet  it  never  presents,  so  far  as  I 
have  seen,  any  indubitable  indication  of  becoming  split  off  from 
this,  or  of  fusing  with  it. 

(3)  The  fact  that  the  cranial  representatives  of  the  lateral 
line  are  supplied  with  nerves  which  originate  in  the  normal 
way\  affords  a  strong  argument  in  favour  of  the  lateral  line 
receiving  an  ordinary  nerve-supply. 

Considering  all  these  facts,  I  am  led  to  the  conclusion  that 
pie  lateral  nerve  in  Elasmobranchs  arises  as  a  branch  of  th^ 
vagus,  and  n>ot  as  a  direct  product  of  the  eatemal  epiblasL 

An  interesting  feature  about  the  lateral  line  and  the  similar 
cephalic  structures,  is  the  fact  of  these  being  the  only  sense 
organs  in  Elasmobranchs  which  originate  entirely  from  the 
mucous  layer  of  the  epiblast.  This,  coupled  with  the  well^ 
known  facts  about  the  Amphibian  epiblast,  and  the  fact  that  the 
mucous  canals  are  the  only  sense-organs  which  originate  subse-* 
quendy  to  the  distinct  differentiation  of  the  epiblast  into  mu-* 
qous  and  homy  layers,  goes  far  to  prove'  that  the  mucous  layer 

1  (KStte  extends  bis  statements  about  tbe  lateral  nenre  to  tbe  nerves  supplying 
tbe  mneoos  oan^s  in  tbe  head ;  but  my  observations  appear  to  me,  as  tar  as 
Elasmobranchs  are  concerned,  nearly  conclusive  against  sugh  a  derivation  oi 
the  nerves  in  the  head. 

'  I  believe  that  Gotte,  amongst  his  very  numerous  valuable  remarks  in  the 
Entwicklangsgetchichte  der  Unke,  has  put  forward  a  view  similar  to  this,  though 
I  cannot  put  my  hand  on  the  relerence. 
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t 

is  to  be  regarded  aa  the  active  layer  of  the  epiblast,  and  that 
after  this  has  become  differentiated,  an  organ  formed  from  the 
«piblast  is  always  a  product  of  it. 

Miisch-Flates. 

The  muscle-plates  at  the  close  of  stage  K  were  flattened 
angular  bodies  with  the  apex  directed  forwards,  their  ventral 
edge  being  opposite  the  segmental  duct,  and  their  dorsal  edge 
on  a  level  with  the  middle  of  the  spinal  cord.  They  were  com* 
posed  of  two  layers,  formed  for  the  most  part  of  columnar  cells, 
but  a  small  part  of  their  splanchnic  layer  opposite  the  note* 
chord  had  already  become  differentiated  into  longitudinal  mus-* 
cles. 

During  sti^  L  the  growth  of  these  plates  is  very  rapid,  and 
their  upper  ends  extend  to  the  summit  of  the  neural  canal,  and 
their  lower  ones  nearly  meet  in  the  median  ventral  Une.  The 
original  band  of  muscles  (PL  Y.  fig.  8  m.  p'),  whose  growth  was  so 
slow  during  stages  I  and  E,  now  increases  with  great  rapidity, 
and  forms  the  nucleus  of  the  whole  voluntary  muscular  system. 
It  extends  upwards  and  downwards  by  the  continuous  conver* 
sion  of  fresh  cells  of  the  splanchnic  layer  into  muscle-cells.  At 
the  same  time  it  grows  rapidly  in  thickness,  but  it  requires  some 
little  patience  and  care  to  unravel  the  details  of  this  growth; 
and  it  will  be  necessary  to  enter  on  a  slight  digression  as  to 
the  relations  of  the  musde-plates  to  the  surrounding  connective 
tissue. 

As  the  muscle-plates  grow  dorsalwards  and  ventralwards 
their  ends  dive  into  the  general  connective  tissue,  whose  origin 
has  already  been  described  (PL  xv,  fig.  1).  At  the  same  time 
the  connective-tissue  cells,  which  by  this  process  become  situ- 
ated .  between  the  ends  of  the  muscle-plates  and  the  skin,  grow 
upwards  and  downwards,  and  gradually  form  a  complete  layer 
separating  the  muscle-plates  from  the  skin.  The  cells  forming 
the  ends  of  the  muscle-jplates  retain  unaltered  their  primitive 
undifferentiated  character,  and  the  separation  between  them 
and  the  surrounding  connective-tissue  ceUs  is  very  marked. 
This  however  ceases  to  be  the  case  in  the  parts  of  the  muscle-- 
plates  on  a  level  with  the  notochord  and  lower  part  of  the 
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medullary  canal ;  the  thinnest  sections  and  most  careful  exami« 
nation  are  needed  to  elucidate  the  changes  taking  place  in  this 
region.  The  cells  which  form  the  somatic  layer  of  the  muscle* 
plates  then  begin  to  elongate  and  become  converted  into  musde- 
cells,  at  the  same  time  that  they  are  increasing  in  number  to 
meet  the  rapid  demands  upon  them.  One  result  of  these  changes 
is  the  loss  of  the  original  clearness  in  the  external  boundary  be- 
tween the  muscle-plates  and  the  adjoining  connective-tissue 
cells,  which  is  only  in  exceptional  cases  to  be  seen  so  distinctly  as 
it  may  be  in  PL  xy<  fig.  1  and  8.  Longitudinal  horizontal  sections 
are  the  most  instructive  for  studying  the  growth  of  the  muscleSk 
but  transverse  sections  are  also  needed.  The  interpretation 
of  the  transverse  ones  is  however  rendered  difficult,  both  by 
rapid  alterations  in  the  thickness  of  the  connective-tissue  layer 
between  the  skin  and  the  muscle-plates  (shown  in  PL  XY.  fig.  8}, 
and  by  the  angular  shape  of  the  musde-plates  themselve& 

A  careful  study  of  both  longitudinal  and  transverse  sections 
has  enabled  me  to  satisfy  myself  of  the  fact  that  the  ceUs 
of  the  somatic  layer  of  the  protovertebrse,  equally  with  the 
cells  of  the  splanchnic  layer,  are  converted  into  muscle-cellsy  and 
some  of  these  are  represented  in  the  act  of  undergoing  this 
conversion  in  PL  XY.  fig.  8 ;  but  the  difficulty  of  distinguishing 
the  outline  of  the  somatic  layer  of  the  muscle-plates,  at  the 
time  its  cells  become  converted  into  muscle-cellsy  renders  it 
very  difficult  to  determine  whether  any  cells  of  this  layer 
join  the  surrounding  connective  tissue.  General  considerations 
certainly  lead  me  to  think  that  they  do  not ;  but  my  observa- 
tions do  not  definitely  settle  the  point. 

From  these  facts  it  is  clear,  as  was  briefly  stated  in  the 
last  chapter,  that  loth  layers  of  the  muscle-plate  are  concerned 
in  forming  the  great  lateral  Tnuscle,  though  the  splandhnic  layer 
is  converted  into  muscles  very  much  sooner  than  the  som,atic\ 


^  The  differenoe  between  Br  G($tte'g  aoooxmt  of  the  deTelopment  of  the 
mnsoles  and  my  own  oondsts  mainly  in  my  attributing  to  the  somatic  lagr^r  of 
the  muBcle-pIates  a  share  in  the  formation  of  the  great  lateral  muscles,  which  he 
denies  to  it.  In  the  last  part  of  this  Monograph,  Jottmal  of  Anat.  and  Pkyt.  YoL 
XI.  pp.  146— S,  too  mnch  stress  was  nnintemtionally  laid  on  the  divergence  of  our 
views;  a  divergence  which  appears  to  have,  in  part  at  least,  arisen,  not  from 
our  observations  being  opposed,  but  from  Dr  G^tte's  having  taken  the  highly 
di£ferentiat^  Bombinator  as  his  type  instead  of  the  less  differentiated  £Ias- 
mobranch. 
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The  remainder  of  the  biBtory  of  the  muscle-plates  presents 
no  points  of  special  interest. 

Till  the  close  of  stage  L,  the  muscle-plates  are  not  distinctly 
divided  into  dorsal  and  ventral  segments,  but  this  division,  which 
is  so  characteristic  of  the  adult,  commences  to  manifest  itself 
during  stage  M,  and  is  quite  completed  in  the  succeeding  stage. 
It  is  effected  by  the  appearance,  nearly  opposite  the  lateral  line, 
of  a  layer  of  connective  tissue  which  divides  the  muscles  on  each 
side  into  a  dorso-lateral  and  ventro-lateral  section.  Even  during 
stage  O  the  ends  of  the  muscle-plate  are  formed  of  undiffer- 
entiated columnar  cells.  The  peculiar  outlines  of  the  inter* 
muscular  septa  gradually  appear  during  the  later  stages  of 
development,  causiag  the  well-known  appearances  of  the  mus- 
cles in  transverse  sections,  but  require  no  special  notice  here. 

'  With  reference  to  the  histological  features  of  the  develop- 
ment of  the  muscle-fibres,  I  have  not  pushed  my  investigations 
very  far.  The  primitive  cells  present  the  ordinaiy  division, 
well  known  since  Remak,  into  a  striated  portion  and  a  non- 
striated  portion,  and  in  the  latter  a  nucleus  is  to  be  seen  which 
soon  undergoes  division  and  gives  rise  to  several  nuclei  in  the 
non-striated  part,  while  the  striated  part  of  each  cell  be- 
comes divided  up  into  a  number  of  fibrillsB.  I  have  not 
however  determined  what  exact  relation  the  original  cells  hold 
to  the  eventual  primitive  bundles,  or  anything  with  reference 
to  the  development  of  the  sarcolemma. 

The  Muscles  of  ike  Limbs. — These  are  formed  during  stage 
O  coincidently  with  the  cartilaginous  skeleton,  in  the  form 
of  two  bands  of  longitudinal  fibres  on  the  dorsal  and  ventral 
surfaces  of  the  limbs.  Dr  Kleinenberg  first  called  my  attention 
to  the  fact  that  he  had  proved  the  limb-muscles  in  Lacerta  to 
be  derived  from  the  muscle-plates.  This  I  at  first  believed  did 
not  hold  good  for  Elasmobranchs,  but  have  since  determined 
that  it  does  so.  Between  stages  E  and  L  the  muscle-plates 
grow  downwards  as  far  as  the  limbs  and  then  turn  outwards  and 
grow  into  them.  Small  portions  of  several  muscle-plates  come 
in  this  way  to  be  situated  in  the  limbs,  and  are  very  soon 
segmented  off  from  the  remainder  of  the  muscle-plates.  The 
portions  of  muscle-plates  thus  introduced  into  the  limbs  soon 
lose  their  original  distinctness,  and  can  no  longer  be  recognised 
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in  stage  L.  There  can  however  be  but  little  doubt  that  they 
supply'the  tissue  for  the  muscles  of  the  limbs.  The  muscle- 
plates  themselves  after  giving  o£f  these  buds  to  the  limbs  grow 
downwards,  and  by  stage  L  cease  to  show  any  trace  of  what  has 
occurred  (PL  xv.  fig.  1).  This  fact,  coupled  with  the  late 
development  of  the  muscles  of  the  limbs  (stage  O),  caused  me 
to  fall  into  my  original  error. 

The  Vertebral  Column  and  NotocKord. 

In  the  October  number  of  the  Jmimal  an  account  was  given 
of  the  origin  of  the  tissue  destined  to  form  the  vertebral  bodies; 
it  merely  remains  to  describe  the  changes  undergone  by  this 
in. becoming  converted  into  the  permanent  vertebrae. 

This  subject  has  already  been  dealt  with  by  a  considerable 
number  of  anatomists,  and  my  investigations  coincide  in  the 
main  with  the  results  of  my  predecessors.  Especially  the  re* 
searches  of  Qegenbaur^  may  be  singled  out  as  containing  the 
pith  of  the  whole  subject,  and  my  results,  while  agreeing 
in  all  but  minor  points  with  his,  do  not  supplement  them 
to  any  very  great  extent.  I  cannot  do  more  than  confirm 
Gotte's'  account  of  the  development  of  the  haemal  arches,  and 
may  add  that  Cartier'  has  given  a  good  account  of  the  later 
development  of  the  centra.  Under  the  circumstances  it  has  not 
appeared  to  me  to  be  ^orth  while  recording  with  great  detail 
•jny  investigations ;  but  I  hope  to  be  able  to  give  a  somewhat 
more  complete  history  of  the  whole  subject  than  has  appeared 
in  any  single  previous  memoir. 

At  their  first  appearance  the  cells  destined  to  form  the 
permanent  vertebrae  present  the  same  segmentation  as  the 
muscle-plates.  This  segmentation  soon  disappears,  and  between 
stages  K  and  L  the  tissue  of  the  vertebral  column  forms  a 
continuous  investment  of  the  notochord  which  cannot  be  distin- 
guished from  the  adjoining  connective  tissue.  Immediately 
surrounding  the  notochord  a  layer  formed  of  a  single  row  of  cells 
may  be  observed,  which  is  not  however  very  distinctly  marked  \ 

1  Dof  Kopfakelet  d.  Selachiert  p.  123. 

*  EntwicklungBffeschichte  d.  Unhe^  p.  433-4. 

*  Zeittchriftf.  Wits,  Anat.  Bd.  xxv.,  Supplement. 

*  Vide  Self,  Journal  of  Anat,  and  Phys.,  vol.  xi.  p.  169. 
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During  the  stage  L  there  appear  four  special  concentrations 
of  mesoblastic  tissue  adjoining  the  notochord,  two  of  them 
dorsal  and  two  of  them  ventral  They  are  not  segmented,  and 
form  four  ridges  seated  on  the  sides  of  the  notocbord.  Thej 
are  united  with  each  other  by  a  delicate  layer  of  tissue,  and 
constitute  the  rudiments  of  the  neural  and  heemal  arches.  In 
longitudinal  sections  of  stage  L  special  concentrated  wedge- 
shaped  masses  of  tissue  are  to  be  seen  between  the  muscle- 
plates,  which  must  not  be  confused  with  these  rudiments. 
Immediately  around  the  notochord  the  delicate  investment  of 
cells  previously  mentioned,  is  stiU  present. 

The  rudiments  of  the  arches  increase  in  size  and  distinct- 
ness in  the  succeeding  stages,  and  by  stage  N  have  unques- 
tionably assumed  the  constitution  of  embryonic  cartilage.  In 
the  meantime  there  has  appeared  surrounding  the  sheath  of 
the  notochord  a  well-marked  layer  of  tissue  which  stains  deeply 
with  bsematozylin,  and  ^dth  the  highest  power  may  be  observed 
to  contain  flattened  nuclei.  It  is  barely  thicker  than  the 
adjoining  8heath,^but  i?  nevertheless  the  rudiment  of  vertebral 
bodies.  PL  xv.  fig.  9,  vb.  Whence  does  this  layer  arise  ?  To 
this  question  I  cannot  give  a  quite  satisfactory  answer.  It  is 
natural  to  conclude  that  it  is  derived  from  the  previously 
existing  mesoblastic  investment  of  the  notochord,  but  in  the 
case  of  the  vertebral  column  I  have  not  been  able  to  prove  this. 
Observations  on  the  base  of  the  brain  afford  fairly  conclusive 
evidence  that  the  homologous  tissue  present  there  has  this 
origin.  Qegenbaur  apparently  answers  the  question  of  the  origin 
of  this  layer  in  the  way  suggested  above,  and  gives  a  figure  in 
support  of  his  conclusion  (PI.  xxii.  fig.  3)  \ 

The  layer  of  tissue  which  forms  the  vertebral  bodies  rapidly 
increases  in  thickness,  and  very  soon,  at  a  somewhat  earlier 
period  than  represented  in  Oegenbaur's  Plate  xxii.  fig.  4, 
a  distinct  membrane  (KoUiker's  Membrana  Elastica  Externa) 
may  easily  be  recognised  surrounding  it  and  separating    it 


1  None  of  my  speeimens  resembleB  this  figore,  and  the  layer  when  first 
formed  is  in  my  embryos  mnoh  thinner  than  represented  by  Gegenbanr,  and 
the  histological  stmctnre  of  the  embiyonie  cartilage  is  very  different  from  that 
of  the  cartilage  in  the  figures  alluded  to.  Qotte's  very  valaable  researches 
«ri th  reference  to  the  origin  of  this  layer  in  ^nphibians  tend  to  confirm  the 
flew  advocated  in  the  iex%. 
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1 


from  the  adjoibing  tissue  of  the  arches.  Oegenbaur's  figiire 
gives  an  excellent  representation  of  the  appearance  of  this 
layer  at  the  period  under  consideration.  It  is  formed  of  a 
homogeneous  basis  containing  elongated  concentrically  arranged 
nuclei,  and  constitutes  a  uniform  unaegmented  inyestment  for 
the  notochord  (vide  PL  XV.  fig.  10). 

The  neural  and  haemal  arches  now  either  cease  altogether 
to  be  united  with  each  other  by  a  layer  of  embryonic  cartilage, 
or  else  the  layer  uniting  them  is  so  delicate  that  it  cannot  be 
recognised  as  true  cartilage.  They  have  moreover  by  stage  P 
undergone  a  series  of  important  changes.  The  tissue  of  the 
neural  arches  does  not  any  longer  form  a  continuous  sheets  but 
is  divided  into  (1)  a  series  of  arches  encircling  the  spinal  cord, 
and  (2)  a  basal  portion  resting  on  the  cartilaginous  sheath  of 
the  notochord.  There  are  two  arches  to  each  muscle-plate,  one 
continuous  with  the  basal  portion  of  the  arch-tissue  and  forming 
the  true  arch^  which  springs  opposite  the  centre  of  a  vertebral 
body,  and  the  second  not  so  continuous,  which  forms  what  is 
usually  known  as  the  intercalated  piece.  Between  every  pair 
of  true  arches  the  two  roots  of  a  single  spinal  nerve  pass  out 
The  anterior  root  passes  out  in  front  of  an  intercalated  piece 
and  the  posterior  behind  it\ 

The  basal  portion  of  the  arch-tissue  likewise  undergoes 
differentiation  into  a  vertebral  part  continuous  with  the  true  arch 
and  formed  of  hyaline  cartilage,  and  an  intervertebral  s^ment 
formed  of  a  more  fibrous  tissue. 

The  hsemal  arches,  like  the  neural  arches,  become  divided 
into  a  layer  of  tissue  adjoining  the  cartilaginous  sheath  of 
the  notochord,  and  processes  springing  out  from  this  opposite 
the  centres  of  the  vertebrae.  These  processes  throughout 
the  region  of  the  trunk  in  front  of  the  anus  pass  into  the 
space  between  the  dorsal  and  ventral  muscles,  and  are  to  be 
regai'ded  as  rudiments  of  ribs.  The  tissue  with  which  they  are 
continuous,  which  is  exactly  equivalent  to  the  tissue  from 
which  the  neural  arches  originate,  is  not  truly  a  part  of  the 
rib.     In  the  tail,  behind  the  anus  and  kidneys,  the  cardinal    i 

^  In  the  adult  Scylliam  it  is  well  known  that  the  posterior  root  pierces  the 
intercalated  cartilage  and  the  anterior  root  the  true  nenral  ar<di.  This  howeTer 
does  not  seem  to  be  the  case  in  the  embiyo  at  stage  P. 
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veins  fuse  to  form  an  impaired  caudal  vein  below  the  aorta» 
and  in  this  part  a  fresh  series  of  processes  originates  on  each 
side  from  the  hsemal  tissue  adjoining  the  cartilaginous  sheath 
of  the  notochord,  and  eventually,  by  the  junction  of  the  pro- 
cesses of  the  two  sides,  a  canal  which  contains  the  aorta  and 
caudal  vein  is  formed  below  the  notochord.  These  processes  for 
a  few  segments  coexist  with  small  ribs  (vide  PL  XV.  fig.  10), 
a  fact  which  shows  (1)  that  they  cannot  be  regarded  as  modified 
libs,  and  (2)  that  the  tissue  from  which  they  spring  is  to  be 
viewed  as  a  kind  of  general  basis  for  all  the  hiemal  processes 
which  may  arise,  and  is  not  specially  connected  with  any  one 
set  of  processes. 

While  these  changes  (all  of  which  are  effected  during  stage 
P)  are  taking  place  in  the  arches,  the  tissue  of  the  vertebral 
bodies  or  cartilaginous  investment  of  the  notochord,  though 
much  thicker  than  before,  still  remains  as  a  continuous  tube 
whose  wall  exhibits  no  segmental  differentiations. 

It  is  in  stage  Q  that  these  differentiations  first  appear  in  the 
vertebral  regions  opposite  the  origin  of  the  neural  arches.  The 
outermost  part  of  the  cartilage  at  these  points  becomes  hyaline 
and  almost  undistinguishable  in  structure  from  the  tissue  of  the 
arche8\  These  patches  of  hyaline  cartilage  grow  larger  and  cause 
the  vertebral  parts  of  the  column  to  constrict  the  notochord, 
whilst  the  intervertebral  parts  remain  more  passive,  but  become 
composed  of  cells  with  very  little  intercellular  substance. 
Cpincidently  also  with  these  changes,  part  of  the  layer  internal 
to  the  hyaline  cartilage  becomes  modified  to  form  a  somewhat 
peculiar  tissue,  the  intercellular  substance  of  which  does  not 
stain,  and  in  which  calcification  eventually  arises  (PL  XV.  fig.  11). 
The  innermost  layer  adjoining  the  notochord  retains  its  primi- 
tive fibrous  character,  and  is  distinguishable  as  a  separate  layer 
through  both  the  vertebral  and  the  intervertebral  regions.  As  a 
result  of  these  changes  a  transverse  section  through  the  centre 
of  the  vertebral  regions  now  exhibits  three  successive  rings 
(vide  PI.  XV.  fig.  11),  an  external  ring  of  hyaline  cartilage  in- 
vested by  *  the  membrana  elastica  externa'  (m^eQ,  followed  by  a 

^  A  good  representation  of  a  longitudinal  Beetion  at  tbis  stage  is  given  by 
Cartier  {ZeiUelnift  f.  WUs.  ZoologU,  Bd.  xxv.,  Supplement  PL  iv.  fig.  1),  who 
also  gives  a  fair  description  of  the  succeeding  changes  of  the  vertebral  column. 
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ring  of  calcifying  cartilage,  and  internal  to  this  a  ring  of  fibrous 
cartilage^  which  adjoins  the  now  slightly  constricted  notochonL 
A  transverse  section  of  an  intervertebral  region  shows  only  a 
thick  outer  and  thin  inner  ring  of  fibrous  cartilage,  the  latter  in 
contact  with  the  sheath  of  the  unconstricted  notochord. 

The  constriction  of  the  notochord  proceeds  till  in  the  centre 
of  the  vertebrae  it  merely  forms  a  fibrous  band.  The  tissue 
internal  to  the  calcifying  cartilage  then  becomes  hyaline,  so  that 
there  is  formed  in  the  centre  of  each  vertebral  body  a  ring 
of  hyaline  cartilage  immediately  surrounding  the  fibrous  band 
which  connects  the  two  unconstricted  segments  of  the  noto- 
chord. The  intervertebral  tissue  becomes  more  and  more 
fibrous.  In  Cartier's  paper  before  quoted  there  is  a  figure 
(fig.  3)  which  represents  the  appeanince  presented  by  a  longi- 
tudinal section  of  the  vertebral  column  at  this  staga 

The  relation  of  the  vertebral  bodies  to  the  arches  requires  a 
short  notice.  The  vertebral  hyaline  cartilage  becomes  almost 
precisely  similar  to  the  tissue  of  the  arches,  and  the  result  is, 
that  were  it  not  for  the  'membrana  elastica  externa'  it  would 
be  hardly  possible  to  distinguish  the  limits  of  the  two  tissues. 
This  membrane  however  persists  till  the  hyaline  cartilage  has 
become  a  very  thick  layer  (PL  xv.  fig.  11),  but  I  have  &iled 
to  detect  it  in  the  adult,  so  that  I  cannot  there  clearly  dis- 
tinguish the  arches  from  the  body  of  the  vertebrsB.  From  a 
comparison  however  of  the  adult  with  the  embryo,  it  is  clear 
that  the  arches  at  most  form  but  a  small  part  of  what  is  usually 
spoken  of  as  the  body  of  the  vertebrse. 

The  changes  in  the  notochord  itself  during  the  stages  sub- 
sequent to  K  are  not  of  great  importance.  The  central  part 
retains  for  some  time  its  previous  structure,  being  formed  of 
large  vacuolated  cells  with  an  occasional  triangular  patch  of 
protoplasm  containing  the  starved  nucleus  and  invested  by 
indurated  layers  of  protoplasm.  These  indurated  layers  are 
all  fused,  and  are  probably  rightly  regarded  by  Gegenbaur 
and  Gotte  as  representing  a  sparse  intercellular  matter.  The 
external  protoplasmic  layer  of  the  notochord  ceases  shortly 
after  stage  K  to  exhibit  any  traces  of  a  division  into  separate 
cells,  but  forms  a  continuous  layer  with  irregular  prominences 
and  numerous  nuclei  (PL  xv.  fig.  9).    In  the  stages  subsequent 
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to  P  further  changes  take  place  in  the  notochord :  the  remains 
of  the  cells  become  more  scanty  and  the  intercellular  tissue 
assumes  a  radiating  arrangement,  giving  to  sections  of  the  noto- 
chord the  appearance  of  a  number  of  lines  radiating  from  the 
centre  to  the  periphery  (PI.  XV.  fig.  11). 

The  sheath  of  the  notochord  grows  in  thickness,  and  during 
tftage  L  there  is  no  difficulty  in  seeing  in  it  the  fine  radial 
markings  already  noticed  by  Miiller^  and  Qegenbaur',  and  re* 
garded  by  them  as  indicating  pores.  Closely  investing  the  sheath 
of  the  notochord  there  is  to  be  seen  a  distinct  membrane,  which, 
though  as  a  rule  closely  adherent  to  the  sheath,  in  some 
examples  separates  itself  from  it.  It  is  perhaps  the  membrane 
identified  by  W.  MttUer'  (though  not  by  Qegenbaur)  as  Kol- 
liker's  'membrana  elastica  interna.'  After  the  formation  of 
the  cartilaginous  investment  of  the  notochord,  this  membrane 
becomes  more  difficult  to  see  than  in  the  earlier  stage,  though 
I  still  fancy  that  I  have  been  able  to  detect  it.  The  sheath 
of  notochord  also  appears  to  me  to  become  thinner,  and  its 
radial  striation  is  certainly  less  easy  to  detect\ 

1  JenaUche  ZeiUchrifU  Vol.  ti.  '  Loe.  eit,  *  Loe.  cit, 

^  Oegenbanr  makes  the  reserve  statement  with  reference  to  the  sheath  of 

the  notochord.    For  my  own  sections  the  statement  in  the  text  certainly  holds 

good.    Fortunately  the  point  is  one  of  no  importance. 
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DEVELOPMENT  OF  THE  SPINAL  NERVES  AND  OF 
THE  SYMPATHETIC  NERVOUS  SYSTEM. 

The  spinal  nerves. — ^The  deyelopment  of  the  spinal  nerves  has 
been  abready  treated  by  me  at  considerable  length  in  a  paper 
read  before  the  Royal  Society  in  December,  1875*,  and  I 
have  but  little  fresh  matter  to  add  to  the  facts  narrated  in  that 
paper.  The  succeeding  account,  though  fairly  complete,  is  much 
less  full  than  the  previous  one  in  the  Philosophical  Transactions, 
but  a  number  of  morphological  considerations  bearing  on  this 
subject  are  discussed. 

The  rudiments  of  the  posterior  roots  make  their  appear- 
ance considerably  before  those  of  the  anterior  roots.  They 
arise  during  stage  I,  as  outgrowths  from  the  spinal  cord,  at 
a  time  when  the  muscle-plates  do  not  extend  beyond  a  third  of 
the  way  up  the  sides  of  the  spinal  cord-,  and  in  a  part  where  no 
scattered  mesoblast-cells  are  present  They  are  formed  first  in 
the  anterior  part  of  the  body  and  successively  in  the  posterior 
parts,  in  the  following  way.  At  a  point  where  a  spinal  nerve 
is  about  to  arise,  the  cells  of  the  dorsal  part  of  the  cord  b^in 
to  proliferate,  and  the  uniform  outline  of  the  cord  becomes 
broken  (PL  xvi.  fig.  3).  There  is  formed  in  this  way  a^small 
prominence  of  cells  springing  from  the  summit  of  the  spinal 
cord,  and  constituting  a  rudiment  of  a  pair  of  posterior  roots. 
In  sections  anterior  to  the  point  where  a  nerve  is  about  to 
appear,  the  nerve-rudiments  are  always  very  distinctly  formed. 
Such  a  section  is  shown  in  PI.  xvi.  fig.  2,  and  the  rudiments 
may  there  be  seen  as  two  club-shaped  masses  of  cells,  which 
have  grown  outwards  and  downwards  from  the  extreme  dorsal 
summit  of  the  neural  canal  and  in  contact  with  its  walls.  The 
rudiments  of  the  two  sides  meet  at  their  point  of  origin  at  the 
dorsal  median  line,  and  are  dorsally  perfectly  continuous  with 
the  walls  of  the  canal. 

»  Phil  Tram.  Vol  166,  p.  176. 
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It  is  a  remarkable  &ct  that  rudiments  of  posterior  roots 
are  to  be  seen  in  every  section.  This  may  be  interpreted  as 
meaning  that  the  rudiments  are  in  very  close  contact  with  each 
other,  but  more  probably  means,  as  I  hope  to  show  in  the 
sequel,  that  there  arises  from  the  spinal  cord  a  continuous 
outgrowth  from  which  discontinuous  processes  (the  rudiments 
of  posterior  roots)  grow  out. 

After  their  first  formation  these  rudiments  grow  rapidly  ven- 
tralwards  in  close  contact  with  the  spinal  cord  (vide  PI.  XVL  fig. 
1,  and  Vol.  xi.  PL  V.  figs.  6  and  7),  but  soon  meet  with  and  become 
partially  enclosed  in  the  mesoblastic  tissue  (Vol  XI.  PI.  v.  fig.  7). 
The  similarity  of  the  mesoblast  and  nerve-tissue  in  Scy Ilium  and 
JPristiurus  embryos  hardened  in  picric  or  chromic  acid,  render 
the  nerves  in  these  genera,  at  the  stage  wheiir  they  first  become 
enveloped  in  mesoblast,  difficult  objects  to  observe;  but  no 
similar  difficulty  is  encountered  in  the  case  of  Torpedo  embryos. 

While  the  rudiments  of  the  posterior  roots  are  still  quite 
short,  those  of  the  iinterior  roots  make  their  first  appearance. 
Each  of  these  (PL  xvi.  fig.  4  a.r.)  arises  as  a  very  small  but  dis- 
tinct conical  outgrowth  from  a  ventral  corner  of  the  spinal 
cord.  From  the  very  first  the  rudiments  of  the  anterior  roots 
have  an  indistinct  form  of  peripheral  termination  and  some- 
what fibrous  appearance,  while  the  |»t)toplasm  of  which  they 
are  composed  becomes  attenuated  towards  its  end.  The 
points  of  origin  of  the  anterior  roots  from  the  spinal  cord 
are  separated  by  considerable  intervals.  In  this  fact,  and  also 
in  the  fact  of  the  nerves  of  the  two  sides  never  being  united 
with  each  other  in  the  median  line,  the  anterior  roots  exhibit 
a  marked  contrast  to  the  posterior.  There  are  thus  constituted, 
before  the'  close  of  stage  I,  the  rudiments  of  both  the  anterior 
and  posterior  roots  of  the  spinal  nerves.  The  rudiments  of  both 
of  these  take  their  origin  from  the  involuted  epiblast  of  the 
neural  canal,  and  the  two  roots  of  eadi  spinal  nerve  are  at 
first  quite  uncozmected  with  each  other.  It  is  scarcely  neces- 
sary to  state  that  the  pairs  of  roots  correspond  in  number  with 
the  muscle-plates. 

It  is  not  my  intention  to  enter  with  any  detail  into  the 
subsequent  changes  of  the  rudiments  whose  origin  has  been 
described,  but  a  few  points   especially  connected   with   their 
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early  development  are  sufficiently  important  to  call  for  atten- 
tion. 

One  feature  of  the  posterior  roots  at  their  first  formation 
is  the  fact  that  they  appear  as  processes  of  a  continuous  out- 
growth of  the  spinal  cord.  This  state  of  affairs  is  not  of  long 
continuance,  and  before  the  close  of  stage  I  each  posterior  root 
has  a  separate  junction  with  the  spinal  cord.  What  then  be- 
comes of  the  originally  continuous  outgrowth?  It  has  not 
been  possible  for  me  to  trace  the  fate  of  this  step  by  step; 
but  the  discovery  that  at  a  slightly  later  period  (stage  K)  there 
is  present  a  continuous  commissure  independent  of  the  spinal 
cord,  which  connects  the  dorsal  and  central  extremities  of  all 
the  spinal  nerves,  renders  it  very  probable  that  the  original 
continuous  outgrowth  becomes  converted  into  this  commissure. 
Like  all  the  other  nervous  structures,  this  commissure  is  far 
more  easily  seen  in  embryos  hardened  in  a  mixture  of  osmic  and 
chromic  acids  or  osmic  acid,  than  in  those  hardened  in  picric 
acid.  Its  existence  must  be  regarded  as  one  of  the  most  re- 
markable results  of  my  researches  upon  the  EUasmobranch 
nervous  system.  At  stage  K  it  is  fairly  thick,  though  it  becomes 
much  thinner  at  a  slightly  later  period.  Its  condition  during 
stage  K  is  shown  in  Vol.  xt.  Plate  VL  fig.  18,  com.  What  it 
has  been  possible  for  me  to  make  out  of  its  eventual  fate  is 
mentioned  subsequently*. 

A  second  feature  of  the  earliest  condition  of  the  posterior 
roots  is  their  attachment  to  the  extreme  dorsal  summit  of  the 
spinal  cord— a  point  of  attachment  very  different  from  that 
which  they  eventually  acquire.  Before  the  commencement  of 
stage  K  this  state  of  things  has  become  altered ;  and  the  pos- 
terior roots  spring  from  the  spinal  cord  in  the  position  normal 
for  Vertebrates. 

This  appai'ent  migration  caused  me  at  first  great  perplexity, 
and  I  do  not  feel  quite  satisfied  that  I  have  yet  got  completely 
to  the  bottom  of  its  meaning.  The  explanation  which  appears 
to  me  most  probable  has  suggested  itself  in  the  course  of  some 
observations  on  the  development  of  the  thin  roof  of  the  fourth 

1  It  is  not  by  any  means  always  possible  to  detect  this  oommissnre  in  trans- 
verse  sections.  As  I  have  snggesteid,  in  connection  with  a  similar  commissare 
connecting  the  vagus  branches,  it  perhaps  easily  falls  out  of  the  section,  and  ig 
always  so  small  tliat  the  hole  left  wonl^d  certainly  be  invisible. 


DEVELOPMENT  OF  ELASMOBRANCH  FISHES.  425 

ventricle.  A  growth  of  cells  appears  to  take  place  in  the  median 
dorsal  line  of  the  roof  of  the  spinal  cord.  This  growth  tends  to 
divaricate  the  two  lateral  parts  of  the  cord,  which  are  originally 
contiguous  in  the  dorsal  line,  and  causes  therefore  the  posterior 
roots,  which  at  first  spring  from  the  dorsal  summit^  to  assume 
an  apparent  attachment  to  the  side  of  the  cord  at  some  little 
distance  from  the  summit  If  this  is  the  true  explanation  of 
the  change  of  position  which  takes  place,  it  must  he  regarded 
as  due  rather  to  peculiar  growths  in  the  spinal  cord,  than 
to  any  alteration  in  the  absolute  attachment  of  the  nerves. 

By  stage  K  the  rudiment  of  the  posterior  root  has  become 
greatly  elongated,  and  exhibits  a  division  into  three  distinct 
portions  (PL  XVI.  fig.  6) : 

(1)  A  proximal  portion,  in  which  is  situated  the  pedicle  of 
attachment  to  the  wall  of  the  neural  canaL 

(2)  an  enlarged  portion,  which  may  conveniently  from  its 
future  fate  be  called  the  spinal  ganglion. 

(3)  a  distal  portion  beyond  this. 

The  proximal  portion  presents  a  fairly  uniform  diameter,  and 
ends  dorsally  in  a  rounded  expansion ;  it  is  attached,  remarkably 
enough,  not  by  its  extremity,  but  by  its  aide,  to  the  spinal  cord* 
The  dorsal  extremities  of  the  posterior  roots  are  therefore  free. 
It  seems  almost  certain  that  the  free  dorsal  extremities  of  these 
roots  serve  as  the  starting  points  for  the  dorsal  commissure 
before  mentioned,  which  connects  the  roots  together.  The 
attachment  of  the  posterior  nerve-root  to  the  spinal  cord  is, 
on  account  of  its  small  size,  very  diflScult  to  observe.  In 
favourable  specimens  there  may  however  be  seen  a  distinct 
cellular  prominence  from  the  spinal  cord,  which  becomes  con- 
tinuous with  a  small  prominence  on  the  lateral  border  of  the 
nerve-root  near  its  distal  extremity.  The  proximal  extremity 
of  the  rudiment  is  composed  of  cells,  which,  by  their  small  size 
and  circular  form,  are  easily  distinguished  from  those  which 
form  the  succeeding  or  ganglionic  portion  of  the  nerve.  This 
succeeding  part  has  a  swollen  configuration,  and  is  composed 
of  large  elongated  cells  with  oval  nuclei.  The  remainder  of  the 
rudiment  forms  the  commencement  of  the  true  nerve. 

The  anterior  root,  which,  at  the  close  of  stage  I,  formed  a 
small  and  inconspicuous  prominence   from  the  spinal    cord. 
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grows  rapidly  during  the  suoceeding  stages,  and  soon  forms 
an  elongated  cellular  structure  with  a  wide  attachment  to  the 
spinal  cord  (PI.  XVI.  fig.  5).  At  first  it  passes  obliquely  and 
nearly  horizontally  outwards,  but,  before  reaching  the  muscle* 
plate  of  its  side,  takes  a  bend  downwards  (PL  xvi.  fig.  7). 

I  have  not  definitely  made  out  when  the  anterior  and  pos- 
terior roots  unite,  but  this  may  easily  be  seen  to  take  place 
before  the  dose  of  stage  K  (vide  Vol.  XL  PL  VI.  fig.  18). 

One  feature  of  some  interest  with  reference  to  the  anterior 
roots,  is  the  fact  that  they  arise  not  vertically  below,  but  alter- 
nately with  the  dorsal  roots,  a  condition  which  persists  in  the 
adult. 

Although  I  have  made  some  efforts  to  determine  the  even- 
tual fate  of  the  commissure  uniting  the  dorsal  roots,  these  have 
not  hitherto  been  crowned  with  success.  It  grows  thinner  and 
thinner,  becoming  at  the  same  time  composed  of  fibrous  pro- 
toplasm with  imbedded  nuclei  (PL  XVL  fig.  8  and  9).  By  stage 
M  it  is  so  small  as  to  be  quite  indistinguishable  in  transverse 
sections ;  and  I  have  failed  in  stage  P  to  recognize  it  at  alL  I  can 
only  conclude  that  it  gradually  atrophies,  and  finally  vanished 
without  leaving  a  trace.  Both  its  appearance  and  history  are 
very  remarkable,  and  deserve  the  careful  attention  of  future 
investigators. 

There  can  be  little  doubt  that  it  is  some  sort  of  remnant  of 
an  ancestral  structure  in  the  nervous  system;  and  it  would 
appear  to  indicate  that  the  central  nervous  system  must  origi- 
nally have  been  formed  of  a  median  and  two  lateral  strands. 
At  the  same  time  I  very  much  doubt  whether  it  can  be 
brought  into  relation  with  the  three  rows  of  gangliouH^ells 
(a  median  and  two  lateral)  which  are  so  frequently  present 
on  the  ventral  side  of  annelid  nerve-cords. 

My  results  may  be  summarized  as  follows: — ^Along  the 
extreme  dorsal  summit  of  the  spinal  cord  there  arises  on  each 
side  a  continuous  outgrowth.  From  each  outgrowth  processes 
corresponding  in  number  to  the  muscle-plates  grow  downwards. 
These  are  the  rudiments  of  the  posterior  nerve-roota  The 
outgrowths,  though  at  first  attached  to  the  spinal  cord  through- 
out their  whole  length,  soon  cease  to  be  so,  and  remain  in 
connection   with  it  at  certain  points  only,  which  form   the 
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primitive  jaDctions  of  the  posterior  roots  with  the  spinal  oord. 
The  original  outgrowth  on,  each  side  remains  as  a  bridge, 
uniting  together  the  dorsal  extremities  of  all  the  posterior  roots. 
The  posterior  roots,  though  primitively  attached  to  the  dorsal 
summit  of  the  spinal  cord,  eventually  come  to  arise  from  its 
sides.  The  original  homogeneous  rudiments  before  the  close  of 
stage  K  become  differentiated  into  a  root,  a  ganglion,  and  a 
nerve. 

The  anterior  roots,  like  the  posterior,  are  outgrowths  from 
the  spinal  cord,  but  are  united  independently  with  it,  and  the 
points  from  which  they  spring  originally,  remain  as  those  by 
which  they  are  permanently  attached.  The  anterior  roots  arise, 
not  vertically  below,  but  in  the  intervals  between  the  posterior 
roots.  They  are  at  first  quite  separate  from  the  posterior  roots ; 
but  before  the  close  of  stage  K  a  junction  is  effected  between 
each  posterior  root  and  the  corresponding  anterior  root.  The 
anterior  root  joins  the  posterior  at  some  little  distance  below 
its  ganglion. 

The  results  here  arrived  at  are  nearly  in  direct  opposition  to 
those  of  the  majority  of  investigators,  though  in  accordance,  at 
least  80  fSax  as  the  posterior  roots  are  concerned,  with  the  beau* 
tiful  observations  of  Hensen '  on  the  Development  of  Mammalia \' 

In  the  present  number  of  this  Journal  there  is  a  paper  by 
Mr  Marshall  on  the  development  of  the  nerves  in  Birds,  in 
which  the  author  shows  in  a  most  striking  manner  that  the  ob^ 
servations  recorded  here  for  Elasmobranchs  hold  good  for  the 
posterior  roots  of  Birds.  The  similarity  between  his  figures  and 
my  own  is  very  noticeable.  A  further  discussion  of  the  litera^ 
ture  would  be  quite  unprofitable,  and  I  proceed  at  once  to 
certain  considerations  suggested  by  the  above  observations. 

Oeneral  considercUiona. — One  point  of  general  anatomy  upon 
which  my  observations  throw  considerable  light,  is  the  primitive 
origin  of  nerves.  So  long  as  it  was  admitted  that  the  spinal 
and  cerebral  nerves  developed  in  the  embryo  independently 
of  the  central  nervous  system,  their  mode  of  origin  always 
presented  to  my  mind  considerable  difficulties.     It  never  ap- 

*  ZeiU  /.  Anat,  u.  EntwUsklungfgaehichU,  Vol.  i. 
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peared  dear  how  it  was  possible  for  a  state  of  things  to 
have  arisen  iu  which  the  central  nervous  system  as  well 
as  the  peripheral  terminations  of  nerves,  whether  motor  or 
sensory,  were  formed  independently  of  each  other ;  while  be- 
tween them  a  third  struoture  was  developed,  which,  growing 
out  either  towards  the  centre  or  towards  the  periphery,  ulti- 
mately brought  the  two  into  connection.  Tb%t  such  a  con- 
dition could  be  a  primitive  one  seemed  scarcely  possible. 

Still  more  remarkable  did  it  appear,  on  the  supposition  that 
the  primitive  mode  of  formation  of  these  paits  was  represented 
in  the  developmental  history  of  Vertebrates,  that  we  should  find 
similar  structural  elements  in  the  central  and  in  the  peripheral 
nervous  systems.  The  central  necvous  system  arises  from  the 
epiblast,  and  yet  contains  precisely  similar  nerve-cells  and  nerve- 
fibres  to  the  peripheral  nervous  system,  which,  when  derived 
from  the  mesoblast,  was  necessarily  supposed  to  have  an  origin 
completely  different  from  that  of  the  central  nervous  system. 
Both  of  these  difficulties  are  to  a  great  extent  removed  by  the 
facts  of  the  development  of  these  parts  in  Elasmobranchs. 

It  is  possible  to  suppose  that  in  their  primitive  differentia- 
tion contractile  and  sensory  systems  may,  as  in  Hydra ^,  have 
been  developed  from  the  protoplasm  of  even  the  same  celL 
As  the  sensory  and  motor  systems  became  more  complicated,  the 
sensory  portion  of  a  cell  would  become  separated  by  an  in- 
creasing interval  from  the  muscular  part  of  a  cell,  and  the  two 
parts  of  a  cell  would  only  be  connected  by  a  long  protoplasmic 
process.  When  such  a  condition  as  that  was  reached,  the 
sensory  portion  of  the  cell  would  be  called  a  ganglion-cell  or 
terminal  sensory  organ,  the  connecting  process  a  nerve,  and  the 
contractile  portion  of  the  cell  a  muscle^cell.  When  these  oigans 
were  in  this  condition,  it  might  not  impossibly  happen  for 
the  general  developmental  growth  which  tended  to  separate  the 
ganglion-cell  and  the  muscle-cell  to  be  so  rapid  as  to  render  it 
impossible  for  the  growth  of  the  coimecting  nerve  to  keep  pace 
with  it,  and  that  thus  the  process  connecting  the  ganglion-cell 
and  the  muscle-cell  might  become  ruptured.  Nevertheless  the 
tendency  of  the  process  to  grow  fi*om  the  ganglion  cell  to  the 

^  Kleinenbeiig  Hydra. 
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Tnuscle-cell,  would  remain,  aDd  when  the  rapid  developmental 
growth  had  ceased,  the  two  would  become  united  again  by  the 
growth  of  the  process  which  had  previously  been  ruptured.  It 
will  be  seen  that  this  hypothesis,  which  I  have  considered  only 
with  reference  to  a  single  nerve  and  muscle-cell,  might  be 
extended  so  as  to  apply  to  a  complicated  central  nervous  system 
and  peripheral  nerves  and  muscles,  and  also  could  apply  equally 
as  well  to  the  sensory  as  to  the  motor  terminations  of  a  nerve. 
In  the  case  of  the  sensory  termination,  we  should  only  have  to 
suppose  that  the  centre  nervous  cell  became  more  and  more 
separated  by  the  general  growth  from  the  recipient  terminal 
sensory  cell,  and  that  during  the  general  growth  the  connection 
between  the  two  was  mechanically  ruptured  but  restored  again 
on  the  termination  of  the  more  rapid  growth. 

As  the  descendants  of  the  animal  in  which  the  rupture 
occurred  became  progressively  more  complicated,  the  two  ter- 
minal cells  must  have  become  widely  separated  at  a  continu* 
ally  earlier  period,  till  finally  they  may  have  been  separated 
at  a  period  of  development  when  they  were  indistinguishable 
from  the  surrounding  embryonic  cells ;  and  since  the  rupture 
would  also  occur  at  this  period,  the  primitive  junction  between 
the  nerve-centre  and  termination  would  escape  detection.  The 
object  of  this  hypothesis  is  to  explain  the  facts,  so  far  as  they 
are  known,  of  the  development  of  the  nervous  system  in  Verte- 
brates. 

In  Vertebrates  we  certainly  appear  to  have  an  outgrowth 
from  the  nervous  system,  which  eventually  becomes  united 
with  the  muscle  or  sensory  terminal  organs.  The  ingenious 
hypothetical  scheme  of  development  of  the  nerves  given  by 
Hensen*  would  be  far  preferable  to  the  one  suggested  if  it 
could  be  brought  into  conformity  with  the  facts.  There 
is,  however,  at  present  no  evidence  for  Hensen's  view,  as  he 
himself  admits,  but  considering  how  little  we  know  of  the 
finer  details  of  the  development  of  nerves,  it  seems  not  im- 
possible that  such  evidence  may  be  eventually  forthcoming. 
The  evidence  from  my  own  observation  is,  so  far  as  it  goes, 
against  it.     At  a  time  anterior  to  the  outgrowth  of  the  spinal 

'  Virchow's  Arehiv,  Vol.  xxxi,  18G4. 
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nerveSy  I  have  shown  ^  that  the  spinal  cord  is  completely  in- 
vested by  a  delicate  hyaline  membrane.  It  is  difficult  to 
believe  that  this  is  pierced  by  a  number  of  fine  processes,  which 
completely  escape  detection,  but  which  must,  nevertheless,  be 
present  on  the  hypothesis  of  Hensen. 

The  facts  of  the  development  of  nerves  in  Vertebrates  are 
unquestionably  still  involved  in  considerable  doubt.     It  may, 
I  think,  be  considered  as  certain,  that  in  Elasmobranchs  the 
roots  of  the  spinal  and  cranial  nerves  are  outgrowths  of  the 
central  nervous  system.      How  the  final  terminations  of  the 
nerves  are  formed  is,  however,  far  from  being  settled.     Gotte*, 
whose  account  of  the  development  of  the  spinal  ganglia  is  com- 
pletely in  accordance  with  the  ordinary  views,  yet  states'  that 
the  growth  of  the  nerve-fibres  themselves  is  a  centrifugal  one 
from  the  ganglia.    My  own  investigations  prove  that  the  ganglia 
have  a  centrifugal  development,  and  also  appear  to  demonstrate 
that  the  nerves  themselves  near  the  ganglion  have  a  similar 
manner  of  growth.    Moreover,  the  account  given  in  the  pre- 
ceding chapter  of  the  manner  in  which  the  nerves  become  con^ 
nected  with  the  mucous  canals  of  the  head,  goes  far  to  prove 
that  the  whole  growth  of  the  nerves  is  a  centrifugal  one. 
The  combination  of  all  these  converging   observations  tells 
strongly  in  favour  of  this  view. 

On  the  other  hand,  Calberla^  believes  that  in  the  tails  of 
larval  Amphibians  he  has  seen  connective-tissue  cells  unite  with 
nerve-processes,  and  become  converted  into  nerves,  but  he  ad- 
mits that  he  cannot  definitely  prove  that  the  axis-cylinder  has 
not  a  centrifugal  growth,  while  the  connective-tissue  cells 
merely  become  converted  into  the  sheath  of  the  nerve.  If 
Calberla's  view  be  adopted,  that  the  nerves  are  developed 
directly  out  of  a  chain  of  originally  indifferent  cells,  each  cell 
of  the  chain  being  converted  in  turn  into  a  section  of  the  nerve, 
an  altogether  different  origin  of  nerves  from  that  I  have  just 
suggested  would  seem  to  be  indicated. 

The  obvious  difficulty,  already  alluded  to,  of  understanding 
how  it  is,  according  to  the  generally  accepted  mode  of  develop- 
ment of  the  spinal  nerves,  that  precisely  similar  nerve-cells  and 

1  Phil.  Trant.t  1876.        -        *  Entwieklungsgeschichte  der  Unke, 

'  Loc.  eit.  p.  516.  «  Arckiv  JUr  Micros.  AnaL  Vol.  zi.  1876. 
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nerves  should  arise  in  structures  which  have  such  different 
origins  as  the  central  nervous  system  and  the  spinal  nerves,  is 
completely  removed  if  my  statements  on  the  development  of 
the  nerves  in  Elasmobranch  represent  the  truth. 

One  point  brought  out  in  my  investigations  appears  to  me 
to  have  bearings  upon  the  origin  of  the  central  canal  of  the 
vertebrate  nervous  system^  and  in  consequence  upon  the  origin 
of  the  vertebrate  nervous  system  itself.  This  point  is,  that  the 
posterior  nerve-rudiments  make  their  first  appearance  at  the 
extreme  dorsal  summit  of  the  spinal  cord.  The  transverse 
section  of  the  ventral  nervous  cord  of  an  ordinary  segmented 
Annelid  consists  of  two  symmetrical  halves  placed  side  by 
side.  If  by  a  mechanical  folding  the  two  lateral  halves  of 
the  nervous  cord  became  bent  towards  each  other,  while  into 
the  groove  between  the  two  the  external  skin  became  pushed, 
we  should  have  an  approximation  to  the  vertebrate  nervous 
system.  Such  a  folding  as  this  might  take  place  to  give  extra 
rigidity  to  the  body  in  the  absence  of  a  vertebral  column. 

If  this  folding  were  then  completed  in  such  a  way  that 
the  groove,  lined  by  external  skin  and  situated  between  the  two 
lateral  columns  of  the  nervous  system,  became  converted  into 
a  canal,  above  and  below  which  the  two  columns  of  the  nervous 
system  tmited,  we  should  have  in  the  transformed  nervous  cord 
an  organ  strongly  resembling  the  spinal  cord  of  Vertebrates. 

It  is  well  known  that  the  nerve-cells  are  always  situated  on 
the  ventral  side  of  the  abdominal  nerve-cord  of  Annelids,  either 
as  a  continuous  layer,  or  in  the  former  of  two,  or  more  usually, 
three  bands.  The  dorsal  side  of  the  cord  is  composed  of  nerve- 
fibres  or  white  matter.  If  the  folding  I  have  supposed  were  to 
take  place  in  the  Annelid  nervous*cord,  the  grey  and  white 
matters  would  have  very  nearly  the  same  relative  situations  as 
they  have  in  the  Vertebrate  spinal  cord.  The  grey  matter 
would  be  situated  in  the  interior  and  line  the  central  canal,  and 
the  white  matter  would  nearly  surround  the  grey.  The  nerves 
would  then  arise,  not  from  the  sides  of  the  nervous  cord  as  in 
existing  Annelids,  but  from  its  extreme  ventral  summit.  One 
of  the  most  striking  features  which  I  have  brought  to  light  with 
reference  to  the  development  of  the  posterior  roots,  is  the  fact 
of  their  growing  out  from  the  extreme  dorsal  summit  of  the 
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neural  canal,  a  position  analogous  to  the  ventral  summit  of  the 
Annelidan  nervous  corA  Thus  the  posterior  roots  of  the 
nerves  in  Elasmobranchs^  arise,  in  the  exact  manner  which 
might  have  been  anticipated,  were  the  spinal  canal  due  to 
such  a  folding  as  I  have  suggested. 

The  argument  from  the  position  of  the  outgrowth  of  nerves 
becomes  the  more  striking  from  its  great  peculiarity,  and 
forms  a  feature  which  would  be  most  perplexing  without 
some  such  explanation  as  I  have  proposed.  The  central  epi- 
thelium of  the  neural  canal,  according  to  this  view,  represents 
the  external  skin,  and  its  ciliation  in  certain  cases  may,  per- 
haps, be  explained  as  a  remnant  of  the  ciliation  of  the  external 
skin  still  found  amongst  many  of  the  lower  Annelids. 

I  have  employed  the  comparison  of  the  Vertebrate  and 
Annelidan  nervous  cords,  not  so  much  to  prove  a  genetic  rela- 
tion between  the  two,  as  to  show  the  d  priori  possibility  of  the 
formation  of  a  spinal  cord,  and  the  d  posteriori  evidence  we 
have  of  the  vertebrate  canal  having  been  formed  in  the  way 
indicated.  I  have  not  made  use  of  what  is  really  my  strongest 
argument,  viz.  that  the  embryological  mode  of  formation  of  the 
spinal  canal  by  a  folding  in  of  the  external  cpiblast  is  the  very 
method  by  which  I  supposed  the  spinal  canal  to  have  been 
formed  in  the  ancestors  of  Vertebrates.  My  object  has  been  to 
suggest  a  meaning  for  the  peculiar  primitive  position  of  the 
posterior  roots,  rather  than  to  attempt  to  explain  in  full  the 
origin  of  the  spinal  canaL 

Although  the  homologies  between  the  Vertebrate  and  the 
Annelidan  nervous  systems  are  not  necessarily  involved  in  the 
questions  which  arise  with  reference  to  the  formation  of  the 
spinal  canal,  they  have  nevertheless  considerable  bearings  on  it. 

Two  views  have  recently  been  put  forward  on  this  subject 
Professor  Gegenbaur'  looks  upon  the  central  nervous  system 
of  Vertebrates  as  equivalent  to  the  superior  oesophageal  ganglia 

^  There  are  strong  reasons  for  regarding  the  posterior  roots  as  the  primitire 
ones.    These  I  shaU  speak  of  later,  bnt  may  state  that  they  depend: 

(1)    On  the  faot  that  only  posterior  roots  exist  in  the  brain. 
|2)    That  only  posterior  roots  exist  in  Amphioxns. 
(3)    That  the  posterior  roots  develope  at  an  earlier  period  than  the 
anterior. 

■  OrundrUt  d,  VergleickendenAnat  p.  264. 
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of  Annelids  and  Arthropods  only,  while  Professors  Leydig*  and 
Semper'  and  Dr  Dohm'  compare  it  with  the  whole  Annelidan 
nervous  system. 

The  first  of  these  two  views  is  only  possible  on  the  suppo- 
sition that  Vertebrates  are  descended  from  unsiegmented  ances- 
tors, and  even  then  presents  considerable  difficulties.  If  the 
ancestors  of  Vertebrates  were  segmented  animals,  and  several  of 
the  recent  researches  tend  to  show  that  they  were,  they  must 
almost  certainly  have  possessed  a  nervous  cord  like  that  of 
existing  Annelids.  If  such  were  the  case,  it  is  inconceivable 
that  the  greater  portion  of  the  nervous  system  which  forms  the 
ventral  cord  can  have  become  lost,  and  the  system  reduced  to 
the  superior  oesophageal  ganglia.  Dr  Dohrn^  who  has  specu-> 
lated  very  profoundly  on  this  matter,  has  attempted  to  explain 
and  remove  some  of  the  difficulties  which  arise  in  comparing 
the  nervous  systems  of  Vertebrates  and  Annelids.  He  supposes 
that  the  segmented  Annelids,  from  which  Vertebrates  are 
descended,  were  swimming  animals.  He  further  supposes  that 
their  alimentary  canal  was  pierced  by  a  number  of  gill-slits, 
and  that  the  anterior  amongst  these  served  for  the  intro- 
duction of  nutriment  into  the  alimentary  canal,  in  fact  as 
supplementaiy  mouths  as  well  as  for  respiration.  Eventually 
the  old  mouth  and  throat  atrophied,  and  one  pair  of  coa- 
lesced gill-slits  came  to  serve  as  the  sole  mouth.  Thus  it  came 
about  that  on  the  disappearance  of  that  portion  of  the  alimen- 
tary caAal,  which  penetrated  the  oesophageal  nervous  ring,  the 
latter  structure  ceased  to  be  visible  as  such,  and  no  part  of  the 
alimentary  canal  was  any  longer  enclosed  by  a  commissure  of  the 
central  nervous  system.  With  the  change  of  mouth  Dr  Dohrn 
also  supposes  that  there  took  place,  a  change,  which  would  for  a 
swimming  animal  be  one  of  no  great  difficulty,  of  the  ventral  for 

1  Bau  des  thierischen  Kihyert. 

*  Stammesverwandschaftd.  Wirbelthiere  u.  Wirbellosen  tJid  Die  Verwandschafu- 
beziehungen  d,  gegliederten  Thiere.  This  latter  work,  for  a  copy  of  which  I 
retxirn  my  best  thanks  to  the  author,  came  into  my  hands  after  what  follows 
yrtLB  written,  and  I  much  regret  only  to  have  been  able  to  make  one  or  two  passing 
allusions  to  it.  The  work  is  a  most  important  contribution  to  the  questions 
about  to  be  discussed,  and  contains  a  great  deal  that  is  yeiy  suggestive ;  some  of 
the  conclusions  with  reference  to  the  Nervous  System  appear  to  me  however  to 
be  directly  opposed  to  the  observations  on  Spinal  Nerves  above  recorded. 

'  Uraprung  d,  Wirbelthiere  u»  Frincip  det  FunctionswechteU, 

*  Loc,  cit. 
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the  dorsal  surface.  This  general  explanation  of  Dr  DohmX 
apart  from  the  considerable  difBculty  of  the  fresh  mouth,  appean 
to  me  to  be  fairly  satisfactory.  Dr  Dohm  has  not  however  in 
my  opinion  satisfactorily  dealt  with  the  questions  of  detail 
which  arise  in  connection  with  this  comparison.  One  of 
the  most  important  points  for  his  theory  is  to  settle  the 
position  where  the  nervous  system  was  formerly  pierced  by 
the  oesophagus.  This  position  he  fixes  in  the  fourth  ventricle, 
and  supports  his  hypothesis  by  the  thinness  of  the  roof  of  the 
spinal  canal  in  this  place,  and  the  absence  (?)  of  nervous  struc- 
tures in  it. 

It  appears  to  me  that  this  thinness  cannot  be  used  as  an 
argument  In  the  first  place,  if  the  hypothesis  I  have  suggested 
as  to  the  formation  of  the  spinal  canal  be  accepted,  the  forma- 
tion of  the  canal  must  be  supposed  to  have  occurred  in  point  c^ 
time  either  after  or  before  the  loss  of  the  primitive  mouth. 
If,  on  the  one  hand,  the  spinal  canal  made  its  appearance  before 
the  atrophy  of  the  primitive  mouth,  the  folding  to  form  it 
must  necessarily  have  ceased  behind  the  mouth;  and,  on  the 
supposition  of  the  cesophageal  ring  having  been  situated  in  the 
region  of  the  fourth  ventricle,  a  continuation  of  the  spinal  canal 
could  not  be  present  in  front  of  this  part.  If,  on  the  other  hand> 
the  cerebro-spinal  canal  appeared  after  the  disappearance  of  the 
primitive  mouth,  its  roof  must  necessarily  also  be  a  formation 
subsequent  to  the  atrophy  of  the  mouth,  and  varieties  of  struo- 
ture  in  it  can  have  no  bearing  upon  the  previous  portion  of 
the  mouth. 

But  apart  from  speculations  upon  the  origin  of  the  spinal 
cord,  there  are'  strong  arguments  against  Dr  Dohm's  view  about 
the  fourth  ventricle.  In  the  first  place,  were  the  fourth  ven- 
tricle to  be  the  paxt  of  the  nervous  system  which  previously 
formed  the  oesophageal  commissures,  we  should  expect  to  find 
the  opening  in  the  nervous  system  at  this  point  to  be  visible 
at  an  early  period  of  development,  and  at  a  later  period  to 
cease  to  be  so.  The  reverse  is  however  the  case.  In  early 
embryonic  life  the  roof  of  the  fourth  ventricle  is  indistinguish-* 
able  from  other  parts  of  the  nervous  system,  and  only  thins 
out  at  a  later  period.  Further  than  this,  any  explanation 
of  the  thin  roof  of  the  fourth  ventricle  ought  also  to  elucidate 
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the  nearly  similar  structure  in  the  sinus  rhomboidalis,  and 
cannot  be  considered  satisfactory  unless  it  does  so. 

The  peculiarities  of  the  cerebro-spinal  canal  in  the  region 
of  the  brain  appear  to  me  to  present  considerable  difficulties  in 
the  way  of  comparing  the  central  nervous  system  of  Vertebrates 
and  segmented  Annelids.  The  manner  in  ni^hich  the  cerebro- 
spinal canal  is  prolonged  into  the  optic  vesicles,  the  cerebral  and 
the  optic  lobes  is  certainly  opposed  both  to  an  intelligible  expla^ 
nation  of  the  spinal  canal  itself,  and  abo  to  a  comparison  of  the 
two  nervous  systems  under  consideration. 

Its  continuation  into  the  cerebral  hemispheres  and  into  the 
optic  lobes  (mid-brain)  may  perhaps  be  looked  upon  as  due  to 
peculiar  secondary  growths  of  those  two  ganglia,  but  it  is 
very  difficult  to  understand  its  continuation  into  the  optio 
vesicles. 

If  it  be  granted  that  the  spinal  canal  has  arisen  from  a 
folding  in  of  the  external  skin,  then  the  present  inner  surface  of 
the  optic  vesicle  must  also  have  been  its  original  outer  surface, 
and  it  follows  as  a  necessary  consequence  that  the  present 
position  of  the  rods  and  cones  behind  and  not  in  front  of  the 
nervous  structures  of  the  retina  was  not  the  primitive  one.  The 
rods  and  cones  arise,  as  is  well  known,  from  the  inner  surface  of 
the  outer  portion  of  the  optic  vesicle,  and  must,  according  to 
the  above  view,  be  supposed  originally  to  have  been  situated 
on  the  external  surface,  and  have  only  come  to  occupy  their 
present  position  during  the  folding  in,  which  resulted  in  the 
spinal  canal.  On  d  priori  grounds  we  should  certainly  expect 
the  rods  and  cones  to  have  resulted  from  the  dififerentiation  of 
a  layer  of  cells  external  to  the  conducting  nervous  structures. 
The  position  of  the  rods  and  cones  posterior  to  these  suggests 
therefore  that  some  peculiar  infolding  has  occurred,  and  may  be 
used  as  an  argument  to  prove  that  the  medullary  groove  is  no 
mere  embryonic  structure,  but  the  embryonic  repetition  of  an 
ancestral  change.  The  supposition  of  such  a  change  of  position 
in  the  rods  and  cones  necessarily  implies  that  the  folding  in 
to  form  the  spinal  canal  must  have  been  a  very  slow  one.  It 
must  have  given  time  to  the  refracting  media  of  the  eye 
gradually  to  travel  round,  so  as  still  to  maintain  their  primitive 
position,  while  in  successive  generations  a  rudimentary  spinal 
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furrow  cariymg  with  it  the  retina  became  gradually  converted 
into  a  canal  \ 

If  Dr  Dohrn's  comparison  of  the  vertebrate  nervous  system 
with  that  of  segmented  Annelids  be  accepted,  the  following 
two  points  must  in  my  opinion  be  admitted : — 

(1)  That  the  formation  of  the  cerebro-spinal  canal  was  sub' 
sequent  to  the  loss  of  the  old  mouth. 

(2)  That  the  position  of  the  old  mouth  is  still  unknown. 
The  well-known  view  of  looking  at  the  pituitary  and  pineal 

growths  as  the  remnants  of  the  primitive  oesophagus,  has  no 
doubt  some  features  to  recommend  it.  Nearly  conclusive 
againlst  it  is  the  fact  that  the  pituitary  involution  is  not,  as 
used  to  be  supposed,  a  growth  towards  the  infundibulum  of 
the  hypoblast  of  the  oesophagus,  but  of  the  epiblast  of  the 
mouth.  It  is  almost  inconceivable  that  an  involution  from  the 
present  mouth  can  have  assisted  in  forming  part  of  the  old 
oesophagus. 

There  is  a  view  not  involving  the  diflSciilty  of  the  oeso* 
phageal  ring,  fresh  mouth',  and  of  the  change  of  the  ventral  to 

1  Professor  Huxley  informs  me  that  he  has  for  manj  years  entertained  some- 
what similar  views  to  those  in  the  text  ahout  the  position  of  the  rods  and 
cones,  and  has  been  aeoustomed  to  teach  them  in  his  lectures. 

*  i?rofessor  Semper  {Die  Vertoandtschaftsbeziehungen  d,  gegliederten  Thiere^ 
Arbeiten  aus  d.  ZooL-zoot»  Iruttitutf  Wtlrzburg,  1876)  has  some  interesting  speca^ 
lations  on  the  difficult  question  of  the  vertebrate  mouth,  which  have  unforto* 
nately  come  to  my  knowledge  too  late  to  be  either  fully  discussed  or  incorporated 
in  the  text.    These  speculations  are  founded  on  a  comparison  of  the  condition 
of  the  mouth  in  Turbellarians  and  Nemertines.    He  comes  to  the  oondofiioia 
that  there  was  a  primitive  mouth  on  the  cardiac  side  of  the  supra-cesophageal 
ganglion,  which  is  the  existing  mouth  of  Turbellarians  and  Vertebrates  and  the 
opening  of  the  proboscis  of  Nemertines,  but  which  has  been  replaced    by  a 
fresh  mouth  on  the  neural  side  in  Annelids  and  Nemertines.     In  Nemertines 
however  the  two  mouths  co  exist — the  vertebrate  month  as  the  opening  of  the 
proboscis,  and  the  Annelid  mouth  as  the  opening  for  the  alimentary  tract. 
This  ingenious  hypothesis  is  supported  by  certain  anatomical  facts,  which  do 
not  appear  to  me  of  great  weight,  but  for  which  the  reader  must  refer  to  th« 
original  paper.    It  no  doubt  avoids  the  difficulty  of  the  present  position  of  the 
vertebrate  mouth,  but  unfortunately  at  the  same  time  substitutes  an  equal  diffi- 
culty in  the  origin  of  the  Annelidan  mouth.     This  Professor  Semper  attempts  to 
get  over  by  an  hypothesis  which  to  my  mind  is  not  very  satisfactoiy   (p.  378), 
which,  however,  and  this  Professor  Semper  does  not  appear  to  have  noticed, 
could  equaUy  well  be  employed  to  explain  tlie  origin  of  a  VertebrtUe  mouth  as  a 
secondary  formation  subsequent  to  the  Annelidan  month.    Under  these  circiun« 
stances  this  fresh  hypothesis  does  not  bring  us  very  much  nearer  to  a  solution 
of  the  vertebrate-annelid  mouth  question,  but  merely  substitutes  one  difficulty 
for  another;  and  does  not  appear  to  me  so  satisfactory  as  the  hypothesis  sug- 
gested in  the  text. 

At  the  same  time  Professor  Semper's  hypothesis  suggests  an  explanation 
of  that  curious  organ   tiie   Nemertine   proboscis.      If  the  order  of  changes 
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the  dorsal  surface,  which,  though  so  far  unsupported  by  any 
firm  basis  of  observed  facts,  nevertheless  appears  to  me  worth 
•suggesting.  It  assumes  that  Vertebrates,  are  descended  970^ 
through  the  present  line  of  segmented  Vermes,  but  through 
«ome  other  line  which  has  now,  so  far  as  is  known,  completely 
vanished.  This  line  must  be  supposed  to  have  originated  from 
the  same  unsegmenied  Vermea  as  the  present  segmented  Anne- 
lids. They  therefore  acquired  fundamentally  similar  segmental 
and  other  Annelidan  organs. 

The  difference  between  the  two  branches  of  the  Vermes 
lay  in  the  nervous  system.  The  unsegmented  ancestors  of  the 
present  Annelids  seem  to  have  had  a  pair  of  super-oBsophageal 
ganglia,  from  which  two  main  nervous  stems  extended  back- 
wards, one  on  each  side  of  the  body.  Such  a  nervous  system  in 
fact  as  is  possessed  by  existing  Nemertines  or  Turbellarians'. 
As  the  Vermes  became  segmented  and  formed  the  Annelids, 
these  side  nerves  seem  to  have  developed  ganglia,  corresponding 
in  number  with  the  segments,  and  finally,  approximating  on 
the  ventral  surface,  to  have  formed  the  ventral  cord'. 

The  other  branch  of  Vermes  which  I  suppose  to  have  been 
Jbhe  ancestors  of  Vertebrates  started  from  the  same  stock  as 
existing  Annelids,  but  I  conceive  the  lateral  nerve-cords,  instead 
of  approximating  ventrally,  to  have  done  so  dorsally,  and  thus  a 
dorsal  cord  to  have  become  formed  analogous  to  the  ventral 
cord  of  living  Annelids,  only  without  an  oesophageal  nerve-ring'. 

It  appears  to  me,  (if  the  .  difficulties  of  comparing  the 
Annelidan  ventral  cord  with  the  spinal  cord  of  Vertebrates  are 
found  to  be  insurmountable),  that  this  hypothesis  would  involve 
far  fewer  improbabilities  than  one  which  supposes  the  whole 
central  nervous  system  of  Vertebrates  to  be  homologous  with 

suggested  by  him  were  filtered  it  might  be  ppssible  to  aappoee  that  there 
never  was  more  than  one  mouth  for  aU  Vermes,  but  that  the  proboflois  in 
Nemertineri  gradnallj  split  itself  off  from  the  oesophagus  to  which  it  originally 
belonged,  and  became  quite  free  and  provided  with  a  separate  opening  and  per- 
haps carried  with  it  the  so-called  vagus  of  f  rofessors  Semper  and  Leydig. 

1  It  is  not  of  course  to  be  supposed  that  the  primitive  nervous  system  was 
pierced  by  a  proboscis  like  that  of  the  Nemertiues. 

*  This  is  Gegenbaur*s  view  of  the  development  of  the  ventral  cord,  and  I 
regard  it  in  the  meantime  as  the  most  probable  view  which  has  been  suggested. 

'  A  dorsal  instead  of  a  ventral  approximation  of  the  lateral  nerve-cords 
would  be  possible  in  the  descendants  of  such  living  segmented  Vermes  as 
Saococirrus  and  Polygordius. 
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the  Buper-cesophageal  ganglia.     The  mode  of  formation  of 
nervous  system  presupposed  in  my  hypothesis,  well  accords 
what  we  know  of  the  formation  of  the  ventral  cord  in  exist- 
ing Annelids. 

The  supposition  of  the  existence  of  another  hranch  of  s^* 
mented  Vermes  is  not  a  very  great  di£Sculty.  Even  at  the 
present  day  we  have  possibly  more  than  one  branch  of  Vermes 
which  have  independently  acquired  segmentation,  viz.:  the 
Choetopodous  Annelids  and  the  Hirudinea.  If  the  latter  is  an 
isolated  branch,  it  is  especially  interesting  from  having  inde- 
pendently developed  a  series  of  segmental  organs  like  those  of 
Choetopodous  Annelids,  which  we  must  suppose  the  ancestors  of 
Vertebrates  also  to  have  done  if  they  too  form  an  independent 
branch. 

In  addition  to  the  difficulty  of  imagining  a  fresh  line  of 
segmented  Vermes,  there  is  another  difficulty  to  my  view,  viz. : 
the  fact  that  in  almost  all  Vermes,  the  blood  flows  forwards 
in  the  dorsal  vessel,  and  backwards  in  the  ventral  vesseL 
This  condition  of  the  circulation  very  well  suits  the  view  of  a 
change  of  the  dorsal  for  the  ventral  surfaces,  but  is  opposed  to 
these  surfaces  being  the  same  for  Vertebrates  and  Vermes. 
I  cannot  however  regard  this  point  as  a  very  serious  difficulty  to 
my  view,  considering  how  undefined  is  the  circulation  in  the 
unsegmented  groups  of  the  Vermes. 

Sympathetic  nervous  system, — ^Between  stages  K  and  L  there 
may  be  seen  short  branches  from  the  spinal  nerves,  which  take 
a  course  towards  the  median  line  of  the  body,  and  terminate  in 
small  irregular  cellular  masses  immediately  dorsal  to  the  car- 
dinal veins.  These  form  the  first  traces  that  have  come  under 
my  notice  of  the  sympathetic  nervous  system.  In  the  youngest 
of  my  embryos  in  which  I  have  detected  these  it  has  not  been 
possible  for  me  either  definitely  to  determine  the  antero- 
posterior limits  of  the  system,  or  to  make  certain  whether  the 
terminal  masses  of  cells  which  form  the  ganglia  are  connected 
by  a  longitudinal  commissure.  In  a  stage  slightly  younger  than 
L  the  ganglia  are  much  more  definite,  the  anterior  one  is  situ- 
ated in  the  cardiac  region  close  to  the  end  of  the  intestinal 
branch  of  the  vagus,  and  the  last  of  them  quite  at  the  posterior 
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end  of  tbe  abdominal  cavity.  The  anterior  ganglia  are  the 
largest ;  the  commissural  cord,  if  developed,  is  still  very  indistinct. 
In  stage  L  the  commissural  cord  becomes  quite  definite,  and 
the  ganglia  become  so  considerable  as  not  to  be  easily  over- 
looked. They  are  represented  in  PL  XV.  fig.  1,  sy.  g.  in  the 
normal  position  immediately  above  the  cardinal  veins.  The 
branches  connecting  them  with  the  trunks  of  the  spinal  nerves 
may  still  be  seen  without  much  difficulty.  In  later  stages  these 
branches  cannot  easily  be  made  out  in  sections,  but  the  ganglia 
themselves  continue  as  fairly  conspicuous  objects. 

The  sympathetic  system  only  came  under  my  notice  at  a 
comparatively  late  period  in  my  investigations,  and  the  above 
facts  do  not  in  all  points  clear  up  its  development  My  obser^ 
vations  seem  to  point  to  tbe  sympathetic  system  arising  as  an 
off-shoot  from  the  cerebrospinal  system.  Intestinal  branches 
would  seem  to  be  developed  on  tbe  main  nerve  stems  of  this  in 
the  thoracic  and  abdominal  regions,  each  of  these  then  developes 
a  ganglion,  and  the  ganglia  become  connected  by  a  longitudinal 
commissure.  On  this  view  a  typical  spinal  nerve  has  the  follow* 
ing  parts :  two  roots,  a  dorsal  and  ventral,  the  dorsal  one 
ganglionated,  and  three  main  branches,  (1)  a  ramus  dorsalis, 
(2)  a  ramus  ventralis,  and  (3)  a  ramus  intestinalis.  This  scheme 
may  be  advantageously  compared  with  that  of  a  typical  cmnial 
nerve  according  to  Qegenbaur.  It  may  be  noted  that  it  brings 
the  sympathetic  nervous  system  into  accord  with  the  other 
parts  of  the  nervous  system  as  a  product  of  the  epiblast,  and 
derived  from  outgrowths  from  the  neural  axis.  It  is  clear,  how* 
ever,  that  my  investigations,  though  they  may  naturally  be 
interpreted  in  this  way,  do  not  definitely  exclude  a  completely 
different  method  of  development  for  the  sympathetic  system. 
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THE  DEVELOPMENT  OF  THE  BRAIN. 

Oeneral  History.  In  stage  G  the  brain  presents  a  veiy 
simple  constitution  (Vol.  x.  PL  xxiY.  fig.  O),  and  is  in  fact  little 
more  than  a  dilated  termination  to  the  cerebro-spinal  axis.  Its 
length  is  nearly  one-third  that  of  the  whole  body,  being  pro- 
portionately very  much  greater  than  in  the  adult. 

It  is  divided  by  very  slight  constrictions  into  three  lobes, 
the  posterior  of  which  is  considerably  the  largest.  These  are 
known  as  the  fore-brain,  the  mid-brain,  and  the  hind-brain. 
The  anterior  part  of  the  brain  is  bent  slightly  downwards  about 
an  axis  passing  through  the  mid-brain.  The  walls  of  the  brain, 
composed  of  several  rows  of  elongated  columnar  cells,  have  a 
fairly  uniform  thickness,  and  even  the  roof  of  the  hind-brain 
is  as  thick  as  any  other  part.  Towards  the  end  of  stage  G 
the  section  of  the  hind-brain  becomes  somewhat  triangular 
with  the  apex  of  the  triangle  directed  downwards. 

In  Pristiurus  during  stage  H  no  very  important  changes 
take  place  in  the  constitution  of  the  brain.  In  Scyllium, 
however,  indications  appear  in  the  hind- brain  of  its  future 
division  into  a  cerebellum  and  medulla  oblongata.  The  cavity 
of  the  anterior  part  dilates  and  becomes  rounded,  while  that 
of  the  posterior  part  assumes  in  section  an  hour-glass  shape, 
owing  to  an  increase  in  the  thickness  of  the  lateral  parts  of 
the  walls.  At  the  same  time  the  place  of  the  original  thick 
roof  is  taken  by  a  very  thin  layer,  which  is  formed  not  so  much 
through  a  change  in  the  character  and  arrangements  of  the 
cells  composing  the  roof,  as  by  a  divarication  of  the  two 
sides  of  the  hind-brain,  and  the  simultaneous  introduction  of  a 
fresh  structure  in  the  form  of  a  thin  sheet  of  cells  connecting 
dorsally  the  diverging  lateral  halves  of  this  part  of  the  brain. 
By  stage   I,  the  hind-brain  in  Pristiurus  also    acquires   an 
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hour-glass  shaped  section,  hut  the  roof  has  hardly  b^gun  to 
thin  out  (PI.  XVII.  fig.  4a  and  46). 

During  stages  I  and  K  the  cranial  flexure  becomes  more  and 
more  pronounced,  and  causes  the  mid-brain  definitely  to  form 
the  termination  of  the  long  axis  of  the  embryo  (PI.  xvn.  fig.  1, 
2y  etc.),  and  before  the  close  of  stage  K  a  thin  coating  of  white 
matter  has  appeared  on  the  exterior  of  the  whole  brain,  but 
no  other  histological  changes  of  interest  have  occurred. 

During  stage  L  an  apparent  rectification  of  the  cranial  flexure 
commences,  and  is  completed  by  stage  Q.    The  changes  involved ' 
in  this  process  may  be  advantageously  studied  by  comparing 
the  longitudinal  sections  of  the  brain  during  stages  L,  P,  and  Q, 
represented  in  PI.  xviii.  fig.  la,  5  and  7a. 

It  will  be  seen,  first  of  all,  that  so  far  from  the  flexure  of  the 
brain  itself  being  diminished,  it  is  increased,  and  in  P  (fig.  5) 
the  angle  in  the  floor  of  the  mid-brain  becomes  very  acute 
indeed ;  in  other  words,  the  anterior  part  of  the  brain  has  been 
bent  upon  the  posterior  through  nearly  two  right  angles,  and  the 
infundibulum,  or  primitive  front  end  of  the  brain,  now  points 
nearly  directly  backwards.  At  the  same  time  the  cerebral  hemi- 
spheres have  grown  directly  forwards,  and  if  figures  la  and 
5  in  Plate  xvili.  be  compared  it  will  be  seen  that  in  the  older 
brain  of  the  two  the  cerebral  hemispheres  have  assumed  a 
position  which  might  be  looked  on  as  the  result  of  their  having 
been  pushed  dorsalwards  and  forwards  against  the  mid-brain, 
and  having  in  the  process  pressed  in  and  nearly  obliterated  the 
original  thaiamencephalon.  The  thalamencephalon  in  fig.  la, 
belonging  to  stage  L,  is  relatively  large,  but  in  fig.  5,  belonging 
to  stage  P,  it  only  occupies  a  very  small  space  between  the  front 
wall  of  the  mid-brain  and  the  hind  wall  of  the  cerebral  hemi- 
spheres. It  is  therefore  in  part  by  the  change  in  position  of  the 
cerebral  hemispheres  that  the  angle  between  the  trabeculad  and 
parachordals  becomes  increased,  i.e.  their  flexure  diminished, 
while  at  the  same  time  the  flexure  of  the  brain  itself  is  in- 
creased. More  important  perhaps  in  the  apparent  rectification 
of  the  cranial  flexure  than  any  of  the  previously  mentioned 
points,  is  the  appearance  of  a  bend  in  the  hind-brain  which 
tends  to  correct  the  original  cranial  flexure.  The  gradual  growth 
of  this  fresh  flexure  can  be  studied  in  the  longitudinal  sections 
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which  have  been  fepreseDted.  It  is  at  its  maximnm  in  stage  Q. 
This  short  preliminary  sketch  of  the  development  of  the  twain 
as  a  whole  ynH  serve  as  an  introduction  to  the  history  of  the 
individual  divisions  of  the  brain. 

Fore^brain.  In  its  earliest  condition  the  fore-brain  forms 
a  single  vesicle  without  a  trace  of  separate  divisions,  but  buds 
tall  very  early  the  optio  vesicles,  whose  history  is  described  with 
that  of  the  eye  (PL  xvii.  fig.  S,  op.  v).  Between  stages  I  and  K 
the  posterior  part  of  the  fore^brain  sends  outwards  a  papillifonn 
process  towards  the  exterior,  which  forms  the  rudiment  of  the 
{Nneal  gland  (PL  XVII.  fig.  1,  pn).  Immediately  in  ttont  of  the 
rudiment  a  constriction  appears,  causing  a  division  of  the  fore- 
brain  into  a  large  anterior  and  a  small  posterior  portion.  This 
constriction  is  shallow  at  first,  but  towards  the  dose  of  stage  K 
becomes  much  deeper  (PI.  :^vil.  fig.  2  and  fig.  16a),  leaving 
however  the  two  cavities  of  the  two  divisions  of  the  fore-brain 
united  ventrally  by  a  somewhat  wide  canal. 

The  posterior  of  the  two  divisions  of  the  fore-brain  forms 
the  thalamencephalon.  Its  anterior  wall  adjoining  the  cerebral 
rudiment  becomes  excessively  thin  (PL  XVii.  fig.  11) ;  and  its  baae 
tm  the  close  of  stage  K  is  in  close  contact  with  the  mouth 
involution,  and  presents  but  a  very  inconspicuous  prominence 
which  marks  the  eventual  position  of  the  infundibulum  (PL  xvn. 
fig.  9a,  12,  16,  in).  The  anterior  and  larger  division  of  the 
forchbrain  forms  the  rudiment  of  the  cerebral  hemispheres  and 
olfactory  lobes.  Up  to  stage  K  this  rudiment  remains  per- 
fectly simple,  and  exhibits  no  signs,  either  externally  or 
internally,  of  a  longitudinal  constriction  into  two  lobes.  From 
the  canal  uniting  the  two  divisions  of  the  fore-brain  (which 
eventually  forms  part  of  the  thalamencephalon)  there  spring 
the  hollow  optic  nerves.  A  slight  ventral  constriction  separating 
the  cerebral  rudiment  from  that  part  of  the  brain  where  these 
are  attached  appears  even  before  the  dose  of  stage  K  (PL  XYU. 
fig.  n,  op,n). 

During  stage  L  the  infundibulum  becomes  much  produced, 
and  forms  a  wide  sack  in  contact  with  the  pituitary  body,  and 
its  cavity  communicates  with  that  of  the  third  ventricle  by  an 
elongated  slit-like  aperture.  This  may  be  seen  by  comparing 
PL  xviil.  fig.  la  and  Ic.     In  fig.  Ic  taken  along  the  middle  hue, 
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there  is  present  a  long  opening  into  the  infundibulum  {in),  which 
is  shown  to  be  very  narrow  by  being  no  longer  present  in  fig,  la 
representing  a  section  slightly  to  one  side  of  the  middle  line. 
During  the  same  stage  the  pineal  gland  grows  into  a  sack-like 
body,  springing  from  the  roof  of  the  thalamencephalon,  fig.  lb,pn. 
This  latter  (the  thalamencephalon)  is  now  dorsally  separated 
from  the  cerebral  rudiment  by  a  deep  constrictioD,  and  also 
ventrally  by  a  less  well  marked  constriction.  At  its  side  also  a 
deep  constriction  is  being  formed  in  it,  immediately  behind 
the  pineal  gland.  The  cerebral  rudiment  is  still  quite  un« 
paired  and  exhibits  no  sign  of  becoming  constricted  into  two 
lobes. 

During  the  next  two  stages  the  changes  in  the  fore-brain 
are  of  no  great  importance,  and  I  pass  at  once  to  stage  O. 
The  infundibulum  is  now  nearly  in  the  same  condition  as 
during  stage  L,  though  (as  is  well  shown  in  the  figure  of  a 
longitudinal  section  of  the  next  stage)  it  points  more  directly 
backwards  than  before.  The  remaining  parts  of  the  thalamen- 
cephalon have  however  undergone  considerable  changes.  The 
more  important  of  these  are  illustrated  by  a  section  of  stage  O, 
PL  xviiL  fig.  3,  transverse  to  the  long  axis  of  the  embryo,  and 
therefore,  owing  to  the  cranial  flexure,  cutting  the  thalamen* 
cephalon  longitudinally  and  horizontally ;  and  for  stage  P  in  a 
longitudinal  and  vertical  section  through  the  brain  (PL  XVIIL 
fig.  5).  In  the  first  place  the  roof  of  the  thalamencephalon  has 
become  very  much  shortened  by  the  approximation  of  the  cere- 
bral rudiment  to  the  mid-brain.  The  pineal  sack  has  also 
become  greatly  elongated,  and  its  somewhat  dilated  extremity 
is  situated  between  the  cerebral  rudiment  and  the  external 
skin.  It  opens  into  the  hind  end  of  the  third  ventricle,  and  its 
posterior  wall  is  continuous  with  the  front  wall  of  the  mid-brain« 
The  sides  of  the  thalamencephalon  have  become  much  thick- 
ened, and  form  distinct  optic  thalami  (op.)  united  by  a  very  well 
marked  posterior  commissure  (pc).  The  anterior  wall  of  the 
thalamencephalon  as  well  as  its  roof  are  very  thin.  The  optic 
nerves  have  become  by  stage  O  quite  solid  except  at  their 
roots,  into  which  the  ventricles  of  the  fore-brain  are  for  a  short 
distance  prolonged.  This  solidification  is  arrived  at,  so  far  as  I 
have  determined,   without  the  intervention  of  a  fold.     The 
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nerves  are  fibrous^  and  a  commencement  of  tiie  chiasma  is 
certainly  present.  From  the  chiasma  there  appears  to  pass 
out  on  each  side  a  band  of  fibres,  which  runs  near  the  outer 
surface  of  the  brain  to  the  base  of  the  optic  lobes  (mid^brain), 
and  here  the  fibres  of  the  two  sides  a^in  cross. 

By  stage  O  important  changes  are  perceptible  in  the  cere- 
bral rudiment.  In  the  first  place  there  has  appeared  a  slight 
fold  at  its  anterior  extremity  (PL  xviil.  fig.  3,  x),  destined  to  form 
a  vertical  septum  dividing  it  into  two  hemispheres,  and  secondly, 
lateral  outgrowths  (vide  PL  xviii.  fig.  2,  oil),  to  form  the  ol- 
factory lobes.  Its  thin  posterior  wall  presents  on  each  side  a 
fold  which  projects  into  the  central  cavity.  From  the  peri- 
phei*al  end  of  each  olfactory  lobe  a  nerve  similar  in  its  histo- 
logical constitution  to  any  other  cranial  nerve  makes  its  appear- 
ance (PL  XVIII.  fig.  2) ;  this  divides  into  a  number  of  branches, 
one  of  which  passes  into  the  connective  tissue  between  the  two 
layers  of  epithelium  in  each  Schneiderian  fold.  On  the  root  of 
this  nerve  there  is  a  large  development  of  ganglionic  cells.  I 
have  not  definitely  observed  its  origin,  but  have  no  reason  to 
doubt  that  it  is  a  direct  outgrowth  from  the  olfactory  lobe^ 
exactly  similar  in  its  mode  of  development  to  any  other  nerve  of 
the  body. 

The  cerebral  rudiment  undergoes  great  changes  during 
stage  P.  In  addition  to  a  great  increase  in  the  thickness  of  its 
walls,  the  fold  which  appeared  in  the  last  stage  has  grown  back- 
wards, and  now  divides  it  in  front  into  two  lobes,  the  rudiments 
of  the  cerebral  hemispheres.  The  greater  and  posterior  section 
ia  still  however  quite  undivided,  and  the  cavities  of  the  lobes 
(lateral  ventricles)  though  separated  in  front  are  still  quite 
continuous  behind.  At  the  same  time,  the  olfactory  lobes,  each 
containing  a  prolongation  of  the  ventricle,  have  become  much 
more  pronounced  (vide  fig.  4a  and  4o,  olX).  The  root  of  the 
olfactory  nerve  is  now  very  thick,  and  the  ganglion  cells  it  con* 
tains  are  directly  prolonged  into  the  ganglionic  portion  of  the 
olfactory  bulb  ;  in  consequence  of  which  it  becomes  rather 
difiicult  to  fix  on  the  exact  line  of  demarcation  between  the 
bulb  and  the  nerve. 

Stage  Q  is  the  latest  period  in  which  I  have  investigated 
the  development  of  the  brain.     Its  structure  is  represented  for 
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this  stage  in  general  view  in  PL  xviii.  fig.  6a,  66,  6c,  in 
longitudinal  section  in  PL  xvili.  fig.  7a,  76,  and  in  transverse 
section  PL  xviil.  fig.  8a — d.  The  transverse  sections  are  taken 
from  a  somewhat  older  embi'yo  than  the  longitudlnaL  In  the 
thalamencephalon  there  is  no  fresh  point  of  great  importance 
to  be  noticed.  The  pineal  gland  remains  as  before,  and  has 
become,  if  anything,  longer  than  it  was,  and  extends  further 
forwards  over  the  summit  of  the  cerebrum.  It  is  situated, 
as  might  be  expected,  in  the  connective  tissue  within  the 
cranial  cavity  (fig.  Sa,pn),  and  does  not  extend  outside  the  skull, 
as  it  appears  to  do,  according  to  Gotte's  investigations,  in 
Amphibians.  Grotte^  compares  the  pineal  gland  with  the  long 
persisting  pore  which  leads  into  the  cavity  of  the  brain  in  the 
embryo  of  Amphioxus,  and  we  might  add  the  Ascidians,  and 
calls  it  **  ein  Umbildungsprodukt  einer  letzten  VerbinduDg  des 
Hirns  mit  der  Oberhaut."  This  suggestion  appears  to  me  a 
very  good  one,  though  no  facts  have  come  under  my  notice 
which  confirm  it.  The  sacci  vasculosi  are  perhaps  indicated  at 
this  stage  in  the  two  lateral  divisions  of  the  trilobed  ventricle 
of  the  infundibulum  (fig.  8c). 

The  lateral  ventricles  (fig.  8a)  are  now  quite  separated  by  a 
median  partition,  and  a  slight  external  constriction  marks  the 
lobes  of  the  two  hemispheres ;  these,  however,  are  still  united 
by  nervous  structures  for  the  greater  part  of  their  extent.  The 
olfactory  lobes  are  formed  of  a  distinct  bulb  and  stalk  (fig.  8a, 
oil),  and  contain,  as  before,  prolongations  of  the  lateral  ven- 
tricles. The  so-called  optic  chiasma  is  very  distinct  (fig.  86, 
op,n),  but  the  fibres  from  the  optic  nerves  appear  to  me  simply 
to  cross  and  not  to  intermingle. 

The  mid-brain.  The  mid-brain  is  at  first  fairly  marked  off 
from  both  the  fore  and  hind  brains,  but  less  conspicuously 
from  the  latter  than  from  the  former.  Its  roof  becomes  pro- 
gressively thinner  and  its  sides  thicker  up  to  stage  P,  its  cavity 
remaining  quite  simple.  The  thinness  of  the  roof  gives  it,  in 
isolated  brains  of  stage  P,  a  bilobed  appearance,  (vide  PL  xviir. 
fig.  46,  mb,  in  which  the  distinctness  of  this  character  is  by  no 
means  exaggerated).  During  stage  Q  it  becomes  really  bilobed 
through  the  formation  in  its  roof  of  a  shallow  median  furrow, 

1  Ent.  d,  Unke,  p.  804. 
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(PL  xvilL  fig.  8&).    Its  cavitj  exhibits  at  tbe  same  time  the  in- 
dication of  a  division  into  a  central  and  two  lateral  parta 

The  hind-brain.  The  hind-brain  has  at  first  a  fairly  uniform 
structure,  but  by  the  close  of  stage  I,  the  anterior  part  becomes 
distinguished  from  the  remainder  by  the  fact,  that  its  roof  does 
not  become  thin  as  does  that  of  the  posterior  part. .  This  anterior, 
and  at  first  very  insignifijcant  portion^  forms  the  rudiment  of 
the  cerebellum.  Its  cavity  is  quite  simple  and  is  continued 
uninterruptedly  into  that  of  the  remainder  of  the  hind-brain. 
The  cerebellum  assumes  in  the  course  of  development  a 
greater  and  greater  prominence,  and  eventually  at  the  close 
of  stage  Q  overlaps  both  the  optic  lobes  in  front  and  the  me- 
dulla behind  (PL  XVIII.  fig.  7a).  It  exhibits  in  surface-views  of 
the  hardened  brain  of  stages  P  and  Q  the  appearance  of  a 
median  constriction,  and  the  portion  of  the  ventricle  contained 
in  it  is  prolonged  into  two  lateral  outgrowths  (PI.  XVlil.  fig. 
8c  and  8ci,  ch). 

The  posterior  section  of  the  hind-brain  which  forms  the  me- 
dulla undergoes  changes  of  a  somewhat  complicated  character* 
In  the  first  place  its  roof  becomes  in  front  very  much  extended 
and  thinned  out.  At  the  raphe,  where  the  two  lateral  halves 
of  the  brain  originally  united,  a  separation,  as  it  were,  takes 
place,  and  the  two  sides  of  the  brain  become  pushed  apart,  re* 
maining  united  by  only  a  very  thin  layer  of  nervous  matter 
(PI.  XVII.  fig.  6,  iv.  v.).  As  a  result  of  this  peculiar  growth  in 
the  brain,  the  roots  of  the  nerves  of  the  two  sides  which  were 
originally  in  contact  at  the  dorsal  summit  of  the  brain  become 
carried  away  from  one  another,  and  appear  to  arise  at  the  sides 
of  the  brain  (PI.  xvil.  fig.  6  and  7).  Other  changes  also  take 
place  in  the  walls  of  the  brain.  Each  lateral  wall  presents  two 
projections  towards  the  interior  (PL  XVii.  fig.  6a).  The  ventral 
of  these  vanish,  and  the  dorsal  approximate  so  as  nearly  to 
divide  the  cavity  of  the  hind-brain,  or  fourth  ventricle,  into  a 
large  dorsal  and  a  small  ventral  channel  (PL  xvil  fig.  6),  and 
this  latter  becomes  completely  obliterated  in  the  later  stagea 
The  dorsal  pair,  while  approximating,  also  become  more  promi- 
nent, and  stretch  into  the  dorsal  moiety  of  the  fourth  ventricle 
(PL  XVII,  fig.  6).  They  are  still  very  prominent  at  stage  Q  (PL 
XVIII.  fig.  Sd,ft)y  and  correspond  in  position  with  the  fasciculi 
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teretes  of  human  anatomy.  Part  of  the  root  of  the  seventh 
nerve  originates  from  them.  They  project  freely  in  front  into 
the  cavity  of  the  fourth  ventricle  (PL  xviii.  fig.  7). 

By  stage  Q  restiform  tracts  are  indistinctly  marked  off  from 
the  remainder  of  the  brain,  and  are  anteriorly  continued  into 
the  cerebellum.  Near  their  junction  with  the  cerebellum  they 
form  prominent  bodies  (PL  XViiL  fig.  7a,  r  t)^  which  are  regarded 
by  Miklucho-Maclay^  as  representing  the  true  cerebellum. 

By  stage  O  the  medulla  presents  posteriorly,  projecting  into 
its  cavity,  a  series  of  lobes  which  correspond  with  the  main 
roots  (not  the  branches)  of  the  va^s  and  glosso-pharyngeal 
nerves  (PL  xix.  fig.  5).  There  appear  to  me  to  be  present 
seven  or  eight  projections :  their  number  cannot  however  be 
quite  certainly  determined.  The  first  of  them  belongs  to  the 
root  of  the  glosso-pharyngeal,  the  next  one  is  interposed  between 
the  glosso-pharyngeal  and  the  first  root  of  the  vagus,  and  is 
without  any  corresponding  nerve-root.  The  next  five  corre- 
spond to  the  five  main  roots  of  the  vagus.  For  each  projec- 
tion to  which  a  nerve  pertains  there  is  a  special  nucleus  of 
nervous  matter,  from  which  the  root  springs.  These  nuclei  do 
not  stain  like  the  remainder  of  the  walls  of  the  medulla,  and 
stand  out  accordingly  very  conspicuously  in  stained  sections. 

The  coating  of  white  matter  which  appeared  at  the  end  of 
stage  K,  on  the  exterior  of  each  lateral  half  of  the  hind-brain, 
extends  from  a  point  just  dorsal  to  the  attachment  of  the  nerve- 
roots  to  the  ventral  edge  of  the  medulla^  and  is  specially  con- 
nected with  the  tissue  of  the  upper  of  the  two  already  described 
projections  into  the  fourth  ventricle. 

A  rudiment  of  the  tela  vasculosa  makes  its  appearance  during 
stage  Q,  and  is  represented  by  the  folds  in  the  wall  of  the 
fourth  ventricle  in  my  figure  of  that  stage  (PL  XViiL  fig.  7a,  tv). 

The  development  of  the  brain  in  Elasmobranchs  has  already 
been  worked  out  by  Professor  Huxley,  and  a  brief  but  in 
many  respects  very  complete  account  of  it  is  given  in  his 
recent  paper  on  Ceratodus*.  He  says^  pp.  30  and  31,  "The 
development  of  the  cerebral  hemispheres  in  Plagiostome  Fishes 

'  Dag  Gehirn  d.  SelcLchier,  Leipzig,  1870. 

•  Proceedings  of  the  Zoological  Socieiij,  1876,  Pt.  I.  p.  30  and  31. 
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differs  from  the  process  by  which  they  arise  in  the  higher 
Yertebrata.  In  a  very  early  btage,  when  the  first  and  second 
visceral  clefts  of  the  embryo  Scyllium  are  provided  with  only 
a  few  short  branchial  filaments,  the  anterior  cerebral  vesicle  is 
already  distinctly  divided  into  the  thalamencephalon  (from 
which  the  large  infandibulum  proceeds  below,  and  the  small 
tubular  peduncle  of  the  pineal  gland  above,  while  the  optic 
nerve  leaves  its  sides)  and  a  large  single  oval  vesicle  of  the 
hemispheres.  On  the  ventral  face  of  the  integument  covering 
these  are  two  oval  depressions,  the  rudimentary  olfactory  sacs. 

"As  development  proceeds  the  vesicle  of  the  hemispheres 
becomes  divided  by  the  ingrowth  of  a  median  longitudinal 
septum,  and  the  olfactory  lobes  grow  out  from  the  posterior 
lateral  regions  of  each  ventricle  thus  formed,  and  eventually 
rise  on  to  the  dorsal  faces  of  the  hemispheres,  instead  of,  as  in 
most  Yertebrata,  remaining  on  their  ventral  sides.  I  may 
remark,  that  I  cannot  accept  the  views  of  Miklucho-Maclay, 
whose  proposal  to  alter  the  nomenclature  of  the  parts  of  the 
Elasmobranch's  brain,  appears  to  me  to  be  based  upon  a  misin- 
terpretation of  the  facts  of  development." 

The  last  sentence  of  the  paragraph  brings  me  to  the  one 
part  on  which  it  is  necessary  to  say  a  few  words,  viz.  the  views  of 
Miklucho-Maclay.  His  views  have  not  received  any  general 
acceptance,  but  the  facts  narrated  in  the  preceding  section 
show,  beyond  a  doubt,  that  he  has  'misinterpreted'  the  facts  of 
development,  and  that  the  ordinary  view  of  the  homology  of 
the  parts  is  the  correct  one.  A  comparison  of  the  figures  I  have 
given  of  the  embryo  brain  with  similar  figures  of  the  brain  of 
higher  Yertebrates  shows  this  point  conclusively.  Amongst  the 
features  of  the  embryonic  brain  of  Elasmobranchs,  the  long 
persisting  unpaired  condition  of  the  cerebral  hemisphere,  upon 
which  so  much  stress  has  already  been  laid  by  Professor  Huxley, 
appears  to  me  to  be  one  of  great  importance,  and  may  not  im- 
probably be  regarded  as  a  real  ancestral  feature.  Some  obser- 
vations have  recently  been  published  by  Professor  B.  G.  Wilder* 
upon  this  point,  and  upon  the  homologies  and  development  of 
the  olfactory  lobes.     Fairly  good  figures  are  given  to  illustrate 

1  Anterior  brain-mass  with  Sharks  and  Skates,  American  Journal  of  Science 
and  Artif  Vol.  xii.  1876. 
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the  development  of  the  cerejbral  hemispheres,  but  the  con- 
chisions  arrived  at  ar^  in  part  opposed  to  my  own  results. 
Professor  Wilder  says :  "  The  true  hemispheres  are  the  lateral 
masses,  more  or  less  completely  fused  in  the  middle  line,  and 
sometimes  developing  at  the  plane  of  union  a  bundle  of  longi- 
tudinal commissural  fibres.  The  hemispheres  retain  their 
typical  condition  as  anterior  protrusions  of  the  anterior  vesicle ; 
but  they  lie  mesiad  of  the  olfactory  lobes,  and  in  Mvstelys  at 
least  seem  to  he  foi^med  after  them,''  The  italics  are  my  own. 
From  what  has  been  said  above,  it  is  clear  that  the  statement 
italicised,  for  Scyllium  at  least,  completely  reverses  the  order  of 
development.  Still  more  divergent  from  my  conclusions  are 
Professor  Wilder^s  statements  on  the  olfactory  lobes.  He  says  : 
"The  true  olfactory  lobe,  or  rhinencephalon,  seems,  therefore,  to 
embrace  only  the  hollow  base  of  the  cms,  more  or  less  thickened, 
and  more  or  less  distinguishable  from  the  main  mass  as  a  hollow 
process.  The  olfactory  bulb,  with  the  more  or  less  elongated  cms 
of  many  Plagiostomes,  seems  to  be  developed  independently,  or 
in  connection  with  the  olfactory  sack,  as  are  the  general  nerves  ;** 
and  again,  **  But  the  young  and  adult  brains  since  examined 
show  that  the  ventricle  {i,e.  the  ventricle  of  the  olfactory  lobe) 
ends  as  a  rounded  cul-de-sac  before  reaching  the  'lobe*." 

The  majority  of  the  statements  contained  in  the  above 
quotations  are  not  borne  out  by  my  observations.  Even  the  few 
preparations  of  which  I  have  given  figures,  appear  to  me  to 
prove  that  (1)  the  olfactory  lobes  (crura  and  bulbs)  are  direct 
outgrowths  from  the  cerebral  rudiment,  and  develope  quite 
independently  of  the  olfactory  sack ;  (2)  that  the  ventricle  of 
the  cerebral  rudiment  does  not  stop  short  at  the  base  of  the 
cms ;  (3)  that  from  the  bulb  a  nerve  grows  out  which  has  a 
centrifugal  growth  like  other  nerves  of  the  body,  and  places 
the  central  olfactory  lobe  in  communication  with  the  peripheral 
olfactory  sack.  In  some  other  Vertebrates  this  nerve  seems 
hardly  to  be  developed,  but  it  is  easily  intelligible,  that  if 
in  the  ordinary  course  of  growth  the  olfactory  sack  became 
approximated  to  the  olfactory  lobe,  the  nerve  which  grew  out 
from  the  latter  to  the  sack  might  become  so  short  as  to  escape 
detection. 
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Organs  of  Sense* 

The  olfactory  organ.  The  olfactory  pit  is  the  latest  formed 
of  the  three  organs  of  special  sense.  It  appears  during  a  stage 
intermediate  between  /  and  ^,  as  a  pair  of  slight  thickenings  o( 
the  external  epiblast,  in  the  normal  vertebrate  position  on  the 
under  side  of  the  fore-brain  immediately  in  front  of  the  mouth 
(PL  XVII.  fig.  1  and  2,  ol). 

The  epiblast  cells  which  form  this  thickening  are  very  co- 
lumnar, but  present  no  special  peculiarities.  Each  thickened 
patch  of  skin  soon  becomes  involuted  as  a  shallow  pit,  which 
remains  in  this  condition  till  the  close  of  the  stage  JT.  The 
epithelium  very  early  becomes  raised  into  a  series  of  folds 
(Schneiderian  folds).  These  are  bilaterally  symmetrical,  and 
diverge  like  the  barbs  of  a  feather  from  a  median  line 
(PL  XVII.  fig.  14).  The  nasal  pits  at  the  close  of  stage  K  are 
still  separated  by  a  considerable  interval  from  the  walls  of  tiie 
brain,  and  no  rudiment  of  an  olfactory  lobe  arises  till  a  later 
period ;  but  a  description  of  the  development  of  this  as  an  in* 
tegral  part  of  the  brain  has  already  been  given,  p.  444. 

Eye.  The  eye  does  not  present  in  its  early  development  any 
very  special  features  of  interest.  The  optic  vesicles  arise  sia 
hollow  outgrowths  from  the  base  of  the  fore-brain  (PL  xvii.  fig, 
3,  op.v),  from  which  they  soon  become  partially  constricted,  and 
form  vesicles  united  to  the  base  of  the  brain  by  comparatively 
narrow  hollow  stalks,  the  rudiments  of  the  optic  nerves.  The  con- 
striction to  which  the  stalk  or  optic  nerve  is  due  takes  place 
from  above  and  backwards,  so  that  the  optic  nerves  open  into 
the  base  of  the  front  part  of  the  thalamencephalon  (PL  xvn. 
fig.  13a,  op  n).  After  the  establishment  of  the  optic  nerves,  there 
take  place  the  formation  of  the  lens  and  the  pushing  in  of  the 
anterior  wall  of  the  optic  vesicle  towards  the  posterior. 

The  lens  arises  in  the  usual  vertebrate  fashion.  The  epiblast 
in  front  of  the  optic  vesicle  becomes  very  much  thickened,  and 
then  involuted  as  a  shallow  pit,  which  eventually  deepens  and 
narrows.  The  walls  of  the  pit  are  soon  constricted  off  as  a 
nearly  spherical  mass  of  cells  enclosing  a  very  small  central 
cavity,  in  some  cases  indeed  so  small  as  to  be  barely  recog- 
nisable  (PL  xvii.  fig.  7,  /).     The  pushing  in  of  the  anterior  wall 
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of  the  optic  vesicle  towards  the  posterior  takes  place  in  quite 
the  normal  manner;  but,  as  has  been  already  noticed  by  Qotte^ 
and  others,  is  not  a  simple  mechanical  result  of  the  formation 
of  the  lensy  as  is  shown  by  the  fact  that  the  vesicle  assumes  a 
flattened  form  even  before  the  appearance  of  the  lens.  The 
whole  exterior  of  the  optic  cup  becomes  invested  by  mesoblast, 
but  no  mesoblastic  cells  grow  in  between  the  lens  and  the  ad-' 
joining  wall  of  the  optic  cup. 

Round  the  exterior  of  the  lens,  and  around  the  exterior  and 
interior  of  the  optic  cup,  there  appear  membrane-like  structures, 
similar  to  those  already  described  round  the  spinal  cord  and 
other  organs.  These  membrane-like  structures  appear  with  a 
varying  distinctness,  but  at  the  close  of  stage  K  stand  out  with 
such  remarkable  clearness  as  to  leave  no  doubt  that  they  are 
not  artificial  products  (PL  XVIL  fig.  13a).  They  form  the  rudi- 
ments of  the  hyaloid  membrane  and  lens  capside.  Similar, 
though  less  well  marked  membranes,  may  often  be  seen  lining 
the  central  cavity  of  the  lens  and  the  space  between  the  two 
walls  of  the  optic  cup.  The  optic  cup  is  at  first  very  shallow, 
but  owing  to  the  rapid  growth  of  the  free  edge  of  its  walls  soon 
becomes  fairly  deep.  The  growth  extends  to  the  whole  circum- 
ference  of  the  walls  except  the  point  of  entrance  of  the  optic 
nerve  (PL  XVii;  fig.  13a),  where  no  growth  takes  place ;  here 
accordingly  a  gap  is  left  in  the  walls,  which  forms  the  well 
known  choroid  slit.  While  this  double  walled  cup  is  increasing 
in  size,  the  wall  lining  the  cavity  of  the  cup  becomes  thick,  and 
the  outer  wall  very  thin  (fig.  13a).  No  further  differentiations 
arise  before  the  close  of  stage  E. 

The  lens  is  carried  outwards  with  the  growth  of  the  optic 
cup,  leaving  the  cavity  of  the  cup  quite  empty.  It  also 
grows  in  size)  and  its  central  cavity  becomes  larger.  Still  later 
its  anterior  wall  becomes  very  thin,  and  its  posterior  wall 
thick,  and  doubly  convex  (fig.  13a).  Its  changes,  however, 
so  exactly  correspond  to  those  already  known  in  other  Yerte* 
brates,  that  a  detailed  description  of  them  would  be  superfluous. 
No  meaoblast  passes  into  the  optic  cup  round  its  edge,  but  a  pro- 
cess of  mesoblast,  accompanied  by  a  blood-vessel,  passes  into  the 
space  between  the  lens  and  the  wall  of  the  optic  cup  through 
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the  choroid  slit  (fig.  13a,  ch).  This  process  of  tissue  is  very  easily 
seen,  and  swells  out  on  entering  the  optic  cup  into  a  mushrooni- 
like  expansion.  It  forms  the  processus  falciformis,  and  from  it 
is  derived  the  vitreous  humour. 

About  the  development  of  the  parts  of  the  eye,  subsequently 
to  stage  Kf  I  shall  not  say  much.  The  iris  appears  during 
stage  0,  as  an  ingrowing  fold  of  both  layers  of  the  optic  cup 
with  a  layer  of  mesoblast  on  its  outer  surface,  which  tends  to 
close  over  the  front  of  the  lens.  Both  the  epiblast  layers  com- 
prising the  iris  are  somewhat  atrophied,  and  the  outer  one  is 
strongly  pigmented.  At  stage  O  the  mesoblast  first  also  grows 
in  between  the  external  skin  and  the  lens  to  form  the  rudiment 
of  the  mesoblastic  structures  of  the  eye  in  front  of  the  lens.  The 
layer,  when  first  formed,  is  of  a  great  tenuity. 

The  points  in  my  observations,  to  which  I  attach  the 
greatest  importance,  are  the  formation  of  the  lens  capsule  and 
the  hyaloid  membrane ;  with  the  development  of  these  may  be 
treated  also  that  of  the  vitreous  humour  and  rudimentary  pro^ 
cesstis  falciformis.  The  development  of  these  parts  in  Elasmo- 
branchs  has  recently  been  dealt  with  by  Dr  Bergmeister',  and 
his  observations  with  reference  to  the  vitreous  humour  and 
processus  falciformis,  the  discovery  of  which  in  embryo  Elas- 
raobranchs  is  due  to  him,  are  very  complete.  I  cannot,  however, 
accept  his  view  that  the  hyaloid  membrane  is  a  mesoblastic  pro- 
duct Through  the  choroid  slit  there  grows,  as  has  been  said, 
a  process  of  mesoblast,  the  processus  falciformis,  which  on 
entering  the  optic  cup  dilates,  and  therefore  appears  mush- 
room-shaped  in  section.  At  the  earliest  stage  (K)  a  blood* 
vessel  appeared  in  connection  with  it,  but  no  vascular  structure 
came  under  my  notice  in  the  later  stages.  The  structure  of 
this  process  during  stage  P  is  shown  in  PI.  xix'  fig.  6,  p.yb^.; 
it  is  there  seen  to  be  composed  of  mesoblast-cells  with  fibrous 
prolongations.  Tlie  cells,  as  has  been  noticed  by  Beigmeister, 
form  a  special  border  round  its  dilated  extremity.  This  pro- 
cess is  formed  much  earlier  than  the  vitreous  humour,  whidi  is 
first  seen  in  stage  O.  In  hardened  specimens  this  latter 
appears  either  as  a  gelatinous  mass  with  a  meshwork  of  fibres 

>  Embryo9ogie  d.  Colohoms^  SiU,  <!.  k,  Akad.  Wien,  Bd.  lxxt.  187o. 


i—^TIkmaa 


DEVELOPMENT  OF  ELiLSMOBBAI^GH  FISHES.  458 

or  (as  shown  in  PL  xix.  fig.  6)  with  elongated  fibres  proceeding 
from  the  end  of  the  processus  falciformis.  These  fibres  are 
probably  a  prt)duct  of  the  hardening  reagent,  but  perhaps  re* 
present  some  preformed  structure  in  the  vitreous  humour.  I 
have  failed  to  detect  in  it  any  cellular  elements.  It  is  more  or 
less  firmly  attached  to  the  hyaloid  membrane. 

On  each  side  of  the  processus  falciformis  in  stage  F  a  slight 
fold  of  the  optic  cup  is  to  be  seen,  but  folds  so  large  as  those 
represented  by  Bergmeister  have  never  come  under  my  notice, 
though  this  may  be  due  to  my  not  having  cut  sections  of  such 
late  embryos  as  he  has.  The  hyaloid  membrane  appears!  long 
before  the  vitreous  humour  as  a  delicate  basement  membrane 
round  the  inner  surface  of  the  optic  cup  (PI.  XYII.  fig.  ISa),  which 
is  perfectly  continuous  with  a  similar  membrane  round  the  outer 
surface.  In  the  course  of  development  the  hyaloid  membrane 
becomes  thicker  than  the  membrane  outside  the  optic  cup,  with 
which  however  it  remains  continuous.  This  is  Very  clear  in  my 
sections  of  stage  M.  By  stage  0  the  membrane  outside  the  cup 
has  ceased  to  be  distinguishable,  but  the  hyaloid  membrane 
may  nevertheless  be  traced  to  the  very  edge  of  the  cup  round 
the  developing  iris ;  but  does  not  unite  with  the  lens  capsule. 
It  can  also  be  traced  quite  to  the  junction  of  the  two 
layers  of  the  optic  cup  at  the  side  of  the  choroid  slit 
(PI.  XIX.  fig.  6,  hy,  m).  When  the  vitreous  humour  becomes 
artificially  separated  from  the  retina,  the  hyaloid  membrane 
sometimes  remains  attached  to  the  former,  but  at  other 
times  retains  in  preference  its  attachment  to  the  retina.  My 
observations  do  not  throw  any  light  upon  the  junction  of  the 
hyaloid  membrane  and  lens  capsule  to  form  the  suspensory 
ligament,  nor  have  I  ever  seen  (as  described  by  Bergmeister) 
the  hyaloid  membrane  extending  across  the  free  end  of  the 
processus  falciformis  and  separating  the  latter  from  the  vitreous 
humour.  This  however  probably  appears  at  a  period  subsequent 
to  the  latest  one  investigated  by  me.  The  lens  capsule  arises  at 
about  the  same  period  as  the  hyaloid  membrane,  and  is  a  pro- 
duct of  the  cells  of  the  lens.  It  can  be  very  distinctly  seen  in 
all  the  stages  subsequent  to  its  first  formation.  The  proof  of 
its  being  a  product  of  the  epiblastic  lens,  and  not  of  the 
mesoblast,  lies  mainly  in  the  fact  of  there  being  no  mesoblast 
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at  hand  to  give  rise  to  it  at  the  time  of  its  formation, 
vide  PL  XVII,  fig.  13  a.  If  the  above  observations  are  cor- 
rect, it  is  clear  that  the  hyaloid  membrane  and  lens  capsule 
are  respectively  products  of  the  retina  and  lens;  so  that 
it  becomes  necessaiy  to  go  back  to  the  older  views  of  Kol- 
liker  and  others  in  preference  to  the  more  modem  ones  of 
Lieberktihn  and  Arnold.  It  would  take  me  too  far  from 
my  subject  to  discuss  the  arguments  used  by  the  later  in- 
vestigators to  maintain  their  view  that  the  hyaloid  membrane 
and  lens  capsule  are  mesoblastic  products;  but  it  will  suffice 
to  say  that  the  continuity  of  the  hyaloid  membrane  over  the 
pecten  in  birds  is  no  conclusive  argument  against  its  retinal 
origin,  considering  the  great  amount  of  apparently  independent 
growth  which  membranes,  when  once  formed,  are  capable  of 
exhibiting. 

Bergmeister's  and  my  own  observations  on  the  vitreous 
humour  clearly  prove  that  this  is  derived  from  an  ingrowth 
through  the  choroid-slit.  On  the  other  hand,  the  researches 
of  Lieberkiihn  and  Arnold  on  the  Mammalian  Eye  appeiu-  to 
demonstrate  that  a  layer  of  mesoblast  becomes  in  Mammalia 
involuted  with  the  lens,  and  that  from  this  the  vitreous 
humour  (including  the  membraiMi  capszUo-pupiUaris)  is  said 
to  be  formed.  Lieberkiihn  states  that  in  Birds  the  vitreous 
humour  is  formed  in  a  similar  fashion.  I  cannot,  however, 
accept  his  results  on  this  point.  It  appeal's,  therefore,  that, 
so  far  as  is  known,  all  groups  of  Vertebrata,  with  the  excep- 
tion of  Mammalia,  conform  to  the  Elasmobranch  type.  The 
dififerences  between  the  types  of  Mammalia  and  remaining 
Vertebrata  are,  however,  not  so  great  as  might  at  first  sight 
appear.  They  are  merely  dependent  on.  slight  differences  in 
the  manner  in  which  the  mesoblast  enters  the  optic  cup.  In 
the  on^  case  it  grows  in  round  one  specialized  part  of  the  edge 
of  the  cup,  t.6.  the  choroid-slit ;  in  the  other,  round  the  whole 
edge,  including  the  choroid-slit.  Perhaps  the  mode  of  forma- 
tion of  the  vitreous  humour  in  Mammalia  may  be  correlated 
with  the  early  closing  of  the  choroid-slit. 

Auditory  Organ.  With  reference  to  the  development  of  the 
organ  of  hearing  I  have  very  little  to  say.  Opposite  the  inter- 
val between  the  seventh  and  the  glosso-pharyngeal  nerves  the 
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external  epiblast  becomes  thickened,  and  eventnally  inyoluted 
as  a  vesicle  which  remains  however  in  communication  with 
the  exterior  by  a  narrow  duct.  Towards  the  close  of  stage  K 
the  auditory  sack  presents  three  protuberances — one  pointing 
forwards,  a  second  backwards,  and  a  third  outwards.  These 
are  respectively  the  rudiments  of  the  anterior  and  posterior 
vertical  and  external  horizontal  semicircular  canals.  These 
rudiments  are  easily  visible  from  the  exterior  (PL  XVil,  fig.  2). 

As  has  been  already  pointed  out,  the  epiblast  of  Elasmo- 
branchs  during  the  early  periods  of  development  exhibits  no 
division  into  an  epidermic  and  a  nervous  layer,  and  in  accord- 
ance with  its  primitive  undifferentiated  condition,  those  portions 
of  the  organs  of  sense  which  are  at  this  time  directly  derived  from 
the  external  integument  are  formed  indiscriminately  from  the 
whole,  and  not  from  an  inner  or  so-called  nervous  part  of  it  only. 
In  the  Amphibians  the  auditory  sack  and  lens  are  derived 
from  the  nervous  division  of  the  epiblast  only,  while  the  same 
division  of  the  layer  plays  the  major  part  in  forming  the  olfac- 
tory organ.  It  is  also  stated  that  in  Birds  and  Mammals  the 
part  of  the  epiblast  corresponding  to  the  nervous  layer  is  alone 
concerned  in  the  formation  of  the  lens,  though  this  does  not 
appear  to  be  the  case  with  the  olfactory  or  auditory  organs 
in  these  groups. 


Mouth  involution  and  Pituitary  body. 

The  development  of  the  mouth  involution  and  the  pituitary 
body  is  closely  related  to  that  of  the  brain,  and  may  conve- 
niently be  dealt  with  here.  The  epiblast  in  the  angle  formed 
by  the  cranial  flexure  becomes  involuted  as  a  hollow  process  situ- 
ated in  close  proximity  to  the  base  of  the  brain.  This  hollow 
process  is  the  mouth  involution,  and  it  is  bordered  on  its  pos- 
terior surface  by  the  front  wall  of  the  alimentary  tract,  and  on 
its  anterior  by  the  base  of  the  fore-brain. 

The  uppermost  end  of  this  does  not  till  near  the  close  of  stage 
K  become  markedly  constricted  off  from  the  remainder,  but  is 
nevertheless  the  rudiment  of  the  pituitary  body.      PI.  xvii, 
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figs.  9  a  and  12  m,  show  in  a  most  conclusive  manner  the  cor- 
rectness of  the  above  account,  and  demonstrate  that  it  is  from 
the  mouth  involution,  and  not,  as  has  usually  been  stated,  from 
the  alimentary  canal,  that  the  pituitary  body  is  derived. 

This  fact  was  mentioned  in  my  preliminary  account  of 
Elasmobranch  development^;  and  has  also  been  shown  to  be 
the  case  in  Amphibians  by  Gdtte*,  and  in  Birds  by  Mihal- 
kowics*.  The  fact  is  of  considerable  importance  with  reference 
to  speculations  as  to  the  meaning  of  this  body. 

Plate  xvn,  fig.  7,  represents  a  transverse  section  through  the 
head  during  a  stage  between  I  and  K ;  but,  owing  to  the  cranial 
flexure,  it  cuts  the  fore  part  of  the  head  longitudinally  and 
horizontally,  and  passes  through  both  the  fore-brain  (fb)  and 
the  hind-brain  {iv,  v.).  Close  to  the  base  of  the  fore-brain  are 
seen  the  mouth  (m),  and  the  pituitary  involution  from  this 
(pt).  In  contact  with  the  pituitary  involution  is  the  blind  an- 
terior termination  of  the  throat,  which  a  little  way  back  opens 
to  the  exterior  by  the  first  visceral  cleft  (i.  v.c).  This  figure 
alone  suffices  to  demonstrate  the  correctness  of  the  above  ac- 
count of  the  pituitary  body ;  but  the  truth  of  this  is  still  further 
confirmed  by  other  figures  on  the  same  plate  (fig.  9  a  and 
12m);  in  which  the  mouth  involution  is  in  contact  with^  but 
still  separated  from,  the  front  end  of  the  alimentary  tract.  By 
the  close  of  stage  K,  the  septum  between  the  mouth  and 
throat  becomes  pierced,  and  the  two  are  placed  in  communica- 
tion. This  condition  is  shown  in  PI.  xvii,  fig.  16  a,  and  PL 
XVIII,  fig.  1  a,  1  c,  pt  In  these  figures  the  pituitary  involution 
has  become  very  partially  constricted  oflf  from  the  mouth  in- 
volution, though  still  in  direct  communication  with  it.  In 
later  stages  the  pituitary  involution  becomes  longer  and  dilated 
terminally,  while  the  passage  connecting  it  with  the  mouth 
becomes  nan-ower  and  narrower,  and  is  finally  reduced  to  a 
solid  cord,  which  in  its  turn  disappears.  The  remaining  vesicle 
then  becomes  divided  into  lobes,  and  connects  itself  closely  with 
the  infundibulum  (PI.  XVTII,  figs.  5  and  6  pt).  The  later  stages 
for  Elasmobranchs  are  fully  described  by  W.  MiiUer  in  his  im- 

*  Quarterly  Journal  of  Microscopic  Science,  Oct,  1874, 
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portant  memoir  on  the  Comparative  Anatomy  and  development 
of  this  organ  \ 

Development  of  the  Cranial  Nerves. 

The  present  section  deals  with  the  whole  development  (so 
far  as  I  have  succeeded  in  elucidating  it)  of  the  cranial 
nerves  (excluding  the  optic  and  olfactory  nerves  and  the  nerves 
of  the  eye-muscles)  from  their  first  appearance  to  their  attain- 
ment of  the  adult  condition.  My  description  commences  with 
the  first  development  of  the  nerves,  to  this  succeeds  a  short 
description  of  the  nerves  in  the  adult  Scyllium/  and  the  section 
is  completed  by  an  account  of  the  gradual  steps  by  which  the 
adult  condition  is  attained. 

Before  the  close  of  stage  H  the  more  important  of  the 
cranial  nerves  make  their  appearance.  The  fifth  and  the 
seventh  are  the  first  to  be  formed.  The  fifth  arises  by  stage  G 
(PL  xvn.  fig.  3  v),  near  the  anterior  end  of  the  hind-brain,  as  an 
outgrowth  from  the  extreme  dorsal  summit  of  the  brain,  in 
identically  the  sam>e  way  as  the  dorsal  root  of  a  spinal  nerve. 

The  roots  of  the  two  sides  sprout  out  from  the  summit  of 
the  brain,  in  contact  with  each  other,  and  grow  ventralwards, 
one  on  each  side  of  the  brain,  in  close  contact  with  its  walls. 
I  have  failed  to  detect  more  than  one  root  for  the  two  embry- 
onic branches  of  the  fifth  (ophthalmic  and  mandibular),  and  no 
trace  of /interior  or  ventral  root  ha^  been  met  with  in  any. of  my 
sections. 

The  seventh  nerve  is  formed  nearly  simultaneously  with  or 
shortly  after  the  fifth,  and  some  little  distance  behind  and 
independently  of  it,  opposite  the  anterior  end  of  the  thickening 
of  the  epiblast  to  form  the  auditory  involution.  It  arises  pre- 
cisely like  the  fifth,  from  the  extreme  dorsal  summit  of  the 
neural  axis  (PI.  xvii,  fig.  4a,  Yii).  So  far  as  I  have  been  able 
to  determine,  the  auditory  nerve  and  the  seventh  proper  possess 
only  a  single  root  common  to  the  two.  There  is  no  anterior 
root  for  the  seventh  any  more  than  for  the  fifth. 

Behind  the  auditory  involution,  at  a  stage  subsequent  to 

^  W.  MuUer,  Ueber  Entwicklnng  and  Baa  d.  Hypophysis  a.  d.  Processas 
inlondiboli  cerebri,  Jcnaische  ZeiUchriJt^  Bd.  vi. 
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that  iti  which  the  fifth  and  seventh  nerves  appear,  there  arise  a 
series  of  roots  from  the  dorsal  summit  of  the  hind-brain,  which 
form  the  rudiments  of  the  glosso-pharyngeal  and  vagus  nerves. 
These  roots  are  formed  towards  the  close  of  stage  H,  but  are 
still  quite  short  at  the  beginning  of  stage  I.  Their  manner  of 
development  resembles  that  of  the  previously  described  cranial 
nerves.  The  central  ends  of  the  roots  of  the  opposite  sides  are 
at  first  in  contact  with  each  other,  and  there  is  nothing  to 
distinguish  the  roots  of  the  glosso-phaiyngeal  and  of  the  vagus 
nerves  from  the  dorsal  roots  of  spinal  nerves.  Like  the  dorsal 
roots  of  the  spinal  nerves,  they  appear  as  a  series  of  ventral 
prolongations  of  a  continuous  outgrowth  from  the  brain,  which 
outgrowth  is  moreover  continuous  with  that  for  the  spinal 
nerves\  The  outgrowth  of  the  vagus  and  glosso-pharyngeal 
nerves  is  not  continuous  with  that  of  the  seventh  nerve.  This 
is  shown  by  PL  xvii,  figs.  4a  and  4ft.  The  outgrowth  of  the 
seventh  nerve  though  present  in  4a  is  completely  absent  in 
46  which  represents  a  section  just  behind  4a. 

*  Thus,  by  the  end  of  stage  T,  there  have  appeared  the 
rudiments  of  the  5th,  7th,  8th,  9th  and  10th  cranial  nerves^  all 
of  which  spring  from  the  hind-brain.  These  nerves  all  develope 
precisely  as  do  the  posterior  roots  of  the  spinal  nerves,  and  it 
is  a  remai'kable  fact  that  hitherto  1  have  failed  to  find  a  trace 
in  the  brain  of  a  root  of  any  cranial  nerve  arising  from  the 
ventral  comer  of  the  brain  as  do  the  anterior  roots  of  the  ^in€d 
nerve8\  * 

1  In  the  presenoe  of  this  coniinnous  oatgrovth  of  the  hrain  from  vhidi 
spring  the  separate  nerve  stems  of  the  yagas,  may  perhaps  be  foimd  a  reeoneili- 
ation  of  the  apparently  oonfllotlng  statements  of  Gotte  and  myself  with  referenee 
to  the  vagus  nerve.  Gi>tte  regards  the  vagus  as  a  single  nerve,  from  its  origiiuituig 
as  an  un<£vided  rudiment ;  but  it  is  clear  from  mv  researches  that,  for  Elasmo- 
branohs  at  least,  this  method  of  arguing  will  not  hold  good,  since  it  would  lead 
to  the  conclusion  that  all  the  spinal  nerves  were  branches  of  one  single  nerve* 
ti  ice  they  too  spring  as  processes  from  a  continuous  outgrowth  from  the  brain ! 

*  The  conclusion  here  arrived  at  with  reference  to  the  anterior  roots,  is 
opposed  to  the  observations  of  both  Gegenbaur  on  Hexanchus,  JenaUehe  Zeit* 
schrifty  Vol.  vi,  and  of  Jackson  and  Clarke  on  Ecliinorhinus,  Journal  of  Anatomy 
and  Physiology,  Vol.  x.  These  morphologists  identify  certain  roots  springing 
from  the  medulla  below  and  behind  the  main  roots  of  the  vagus  as  true  anterior 
roots  of  ibis  nerve.  The  existence  of  these  roots  is  not  open  to  question,  but 
without  asserting  that  it  is  impossible  for  me  to  have  failed  to  detect  sneh  roots 
had  they  been  present  in  the  embryo,  I  think  I  may  maintain  if  these  anterior 
roots  are  not  present  in  the  embryo,  their  identification  as  vagus  roots  must 
be  abandoned ;  and  they  must  be  regarded  as  belonging  to  spinal  nerves.  Tlii« 
point  is  more  fully  spoken  of  at  p.  471. 
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It  is  admittedly  difficult  to  prove  a  negative^  and  it  may 
still  turn  out  that  there  are  anterior  roots  of  the  brain  similar 
to  those  of  the  spinal  cord ;  in  the  mean  time,  however,  the 
balance  of  evidence  is  in  favour  of  there  being  none  such.  This 
at  first  sight  appears  a  somewhat  startling  conclusion,  but  a  little 
consideration  shows  that  it  is  not  seriously  opposed  to  the  facts 
which  we  know.  In  the  first  place  it  has  been  shown  by 
myselT  that  in  Amphioxus  (whose  vertebrate  nature  I  cannot 
doubt)  only  dorsal  nerve-roots  are  present.  Yet  the  nerves  of 
Amphioxus  are  clearly  mixed  motor  and  sensory  nerves,  and  it 
appears  to  me  far  more  probable  that  Amphioxus  represents  a 
phase  of  development  in  which  the  nerves  had  not  acquired 
two  roots,  rather  than  one  in  which  the  anterior  root  has  been 
lost.  In  other  words,  the  condition  of  the  nerves  in  Amphioxus 
appears  to  me  to  point  to  the  conclusion  that  primitivelt/  the 
cranuhspinal  nerves  of  vertebrates  were  nerves  of  mixed  func- 
tion with  one  root  only,  and  that  root  a  dorsal  one;  atui  that 
the  present  anterior  or  ventral  root  is  a  secondary  a^^quisition. 
This  conclusion  is  further  supported  by  the  fact  that  the  posterior 
roots  develope  in  point  of  time  before  the  anterior  roots.  If  it 
be  admitted  that  the  vertebrate  nerves  primitively  had  only  a 
single  root^  then  the  retention  of  that  condition  in  the  brain 
implies  that  this  became  differentiated  from  the  remainder  of 
the  nervous  system  at  a  very  early  period  before  the  acquire- 
ment of  anterior  nerve-roots,  and  that  these  eventually  become 
developed  only  in  the  case  of  spinal  nerves,  and  not  in  the  case 
of  the  already  highly  modified  cranial  nerves. 

Subsequent  Changes  of  the  Nerves. — To  simplify  my  descrip- 
tion of  the  subsequent  growth  of  the  cranial  nerves,  I  have 
inserted  a  short  description  of  their  distribution  in  the  adult. 
This  is  taken  from  a  dissection  of  Scyllium  Stellare,  which 
like  other  species  has  some  individualities  of  its  own  not  found 
in  the  other  Elasmobranchs.  For  points  not  touched  on  in  this 
description  I  must  refer  the  reader  to  the  more  detailed  ac- 
counts of  my  predecessors,  amongst  whom  may  specially  be 
mentioned  Stannius'  for  Carcharias,  Spinax,  Raja,   Chimsera^ 

^  Journal  of  Anatomy  and  Physiology,  Vol.  x« 
'  Nervensyitem  d,  Fischer  Bostook,  1849. 
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&c. ;  Qegenbaur^  for  Hexanchus ;    Jackson   and  Clarke*   for 
Echinorhinus. 

The  ordinary  nomenclature  has  been  employed  for  the 
branches  of  the  fifth  and  seventh  nerves,  though  embryological 
data  to  be  adduced  in  the  sequel  throw  serious  doubts  upon 
it.  Since  I  am  without  observations  on  the  origin  of  the  nerves 
to  the  muscles  of  the  eyes,  all  account  of  these  is  omitted. 

The  fifth  nerve  arises  from  the  brain  by  three  roots':  (1)  an  ante- 
rior more  or  less  ventral  root ;  (2)  a  root  slightly  behind,  but  close 
tp  the  former^,  formed  by  the  coalescence  of  two  distinct  strands,  one 
arisiug  from  a  dorsal  part  of  the  medulla,  and  a  second  and  Jailer 
from  the  ventral;  (3)  a  dorsal  aud  posterior  root,  in  its  origin  quite 
distinct  and  well  separated  from  the  other  two,  and  situated  slightly 
behind  the  dorsal  strand  of  the  second  root.  This  root  a  little  way 
from  its  attachment  becomes  enclosed  for  a  short  distance  in  the  same 
sheath  as  the  dorsal  part  of  the  second  root,  and  a  slight  mixture  of 
fibres  Reems  to  occur,  but  the  majority  of  its  fibres  have  no  connection 
with  those  of  the  second  root.  The  first  and  second  roots  of  the  fifth 
appear  to  me  partially  to  unite,  but  before  their  junction  the  ramus 
ophthalmicus  profundus  is  given  off  from  the  firbt  of  them. 

The  fii'ch  nerve,  according  to  the  usual  nomenclature,  has  three 
main  divisions.  The  first  of  these  is  the  ophthalmic  It  is  formed 
by  the  coalescence  of  two  entirely  independcDt  branches  of  the 
fifth,  which  unite  on  leaving  the  orbit.  The  dorsalmost  of  these, 
or  )-amus  ophthalniicus  supei^cialis,  originates  from  the  third  and 
posterior  of  the  roots  of  the  fifth,  nearly  the  whole  of  which  appears 
to  enter  into  its  formation.  This  root  is  situated  on  the  dorsal  |iart 
of  the  ''lobi  trigemini,"  cU  a  point  posterior  to  that  of  the  other  roots 
of  the  fifth  or  even  of  the  seventh  nerve.  The  branch  itself  enters  the 
orbit  by  a  separate  foramen,  and,  keeping  on  the  dorsal  side  of  it, 
reenters  the  cartilage  at  its  anterior  wall,  and  is  there  joined  by  the 
ramus  ophthalmicus  profarulus.  This  latter  nerve  arises  from  the 
anterior  root  of  the  fifth,  separately  pierces  the  wall  of  the  orbit^ 
and  takes  a  course  slightly  ventral  to  the  superior  ophthalmic  nerve, 
but  does  not  (as  is  usual  with  Elasmobranchs)  rxxn  below  the  superior 
rectus  and  superior  oblique  muscles  of  the  eye.  The  nerve  formed 
by  the  coalescence  of  the  sn|)erficial  and  deep  ophthalmic  branches 
courses  a  short  way  below  the  surface,  and  supplies  the  mucous 
canals  of  the  front  of  tlie  snout.  It  is  a  purely  sensory  nerve. 
Strong  grounds  will  be  adduced  in  the  sequel  for  regarding  the  ramus 
opJuhalrnicus  superficieUis,  though  not  the  ophthalmuMS  profundus,  as 
in  i*eality  a  branch  of  the  seventh,  and  not  of  the  fifth  nerva 

*  Jenaiscke  ZeiUtehrift^  Vol.  vi. 

■  Journal  of  Anatomy  and  Physiology y  Vol.  x. 

»  My  resiilta  with  reference  to  these  roots  accord,  exactly,  so  far  as  they  go, 
with  the  more  carefully  worked  out  conclusions  of  Stannius,  loe.  cit,  p.  29  and  30. 

*  Tne  root  of  the  seventh  nerve  cannot  •  properly  be  distinguished  from  this 
root. 
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The  seconii  divMon  of  the  fifth  nerve  is  the  superior  maxillary, 
which  appears  to  me  to  arise  from  both  the  first  and  second  roots  of 
the  fifth,  though  mainly  from  the  first.  It  divides  once  into  two 
main  branches.  The  first  of  these — ^the  buccal  nerve  of  Stan ui us — 
after  passing  forwards  along  the  base  of  the  orbit  takes  its  course 
obliquely  across  the  palatine  arch  and  behind  and  below  the  nasal 
sack,  supplying  by  the  way  numerous  mucous  canals,  and  dividing  at 
last  into  two  branches,  one  of  these  passing  directly  forwards  on  the 
ventral  surface  of  the  snout,  and  the  second  keeping  along  the  front 
border  of  the  mouth.  The  second  division  of  the  superior  maxillary 
nerve  (superior  maxillary  of  Stannins),  after  giving  off  a  small 
bi-anch,  which  passes  backwards  in  company  with  a  branch  from  the 
inferior  maxillary  nerve  to  the  levator  maxillsB  superioris,  itself 
keeps  close  to  the  buccal  nerve,  and  eventually  divides  into  numerous 
fine  twigs  to  the  mucous  canals  of  the  skin  at  the  posterior  region  of 
the  upper  jaw.  It  anastoma^es  with  the  buccal  nerve.  The  inferior 
maxillary  nerve  arises  mainly  from  the  second  root  of  the  fifth.  After 
sending  a  small  branch  to  the  levator  maxillea  superioris,  it  passes 
outwards  along  the  line  separating  the  musculus  adductor  man- 
dibulsB  from  the  musculus  levator  labii  superioris,  and  after  giving 
branches  to  these  muscles  takes  a  oourse  forward  along  the  border  of 
the  lower  jaw.     It  appears  to  be  a  mixed  motor  and  sensory  nerve. 

The  seventh  or  facial  nerve  arises  by  a  root  close  to,  but  behind 
and  below  the  Becond  root  of  the  fifth,  and  is  intimately  fused  with  thi& 
It  divides  almost  at  once  into  a  small  anterior  branch  and  large 
posterior. 

l*he  anterior  branch  is  the  palatine  nerve.  It  gives  off  at  first 
one  or  two  very  small  twigx,  which  pursue  a  course  towards  the 
spiracle,  and  probably  represent  the  spiracular  nei*ves  of  other  Elas* 
mobranchs.  Immediately  after  giving  off  these  branches  it  divides 
into  two  stems,  a  posterior  smaller  and  an  anterior  larger  one.  The 
former  eventually  takes  a  course  which  tends  towards  the  angle  of 
the  jaw,  and  is  distributed  to  the  mucous  membrane  of  the  roof 
of  the  mouth,  while  the  larger  one  bends  forwards  and  supplies  the 
mucous  membrane  at  the  edge  of  the  upper  jaw.  The  main  stem  of 
the  seventh,  after  giving  off  a  branch  to  the  dorsal  section  of  the 
musculus  constrictor  superficialis,  passes  outwards  to  the  junction  of 
the  upper  and  lower  jaws,  where  it  divides  into  two  branches,  an 
anterior  superficial  branch,  which  runs  immediately  below  the  skin 
on  the  surface  of  the  lower  jaw,  and  a  second  branch,  which  takes  a 
deep  oourse  along  the  posterior  border  of  the  lower  jaw,  between  it 
and  the  hyoid,  and  eends  a  series  of  branches  backwards  to  the  ven* 
tral  section  of  the  musculus  constrictor  superficialis.  The  main  stem 
of  the  facial  is  mixed  motor  and  sensory.  I  have  not  noticed  a 
dorsal  branch,  similar  to  that  described  by  Jackson  and  Clarke. 

The  auditory  nerve  arises  immediately  behind  the  seventh,  but 
requires  no  special  notice  here.  A  short  way  behind  the  auditory  is 
situated  the  root  of  the  glossopharyngeal  nerve.  This  nerve  takes  an 
oblique  course  backwards  through  the  skull,  and  gives  off  in  its  pas- 
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sage  a  very  small  dorsal  branch,  wbich  passes  upwards  and  back- 
wards through  the  cartilage  towards  the  roof  of  the  skull.  At  the 
point  where  the  main  stem  leaves  the  cartilage  it  divides  into  two 
branches,  an  anterior  smaller  branch  to  the  hinder  border  of  the  hjoid 
arch,  and  a  posterior  and  larger  one  to  anterior  border  of  the  first 
branchial  arch.     It  forks,  in  fact,  over  the  iirst  visceral  cleft. 

The  vagus  arises  by  a  great  number  of  distinct  strands  from  the 
sides  of  the  medulla.  In  the  example  dissected  there  were  twelve  in 
alL  The  anterior  three  of  these  were  the  largest ;  the  middle  one 
having  the  most  ventral  origin.  The  next  four  were  very  small  and 
in  pairs^  and  were  separated  by  a  considerable  interval  from  the  next 
four,  also  very  small,  and  these  again  by  a  mai'ked  interval  from  the 
hindermost  strand. 

The  common  stem  formed  by  the  junction  of  these  gives  off  im- 
mediately on  leaving  the  skull  a  branch  which  forks  on  the  second 
branchial  defb :  a  second  for  the  third  deft  ia  next  given  gS  ;  the  main 
stem  then  divides  into  a  dorsal  branch  —  the  lateral  nerve  —  and  a 
ventral  one — ^the  branchio-intestinal  nerve — which,  after  giving  off 
the  branches  for  the  two  last  branchial  clefts,  supplies  the  heart  and 
intestinal  tract.  The  lateral  nerve  passes  back  towards  the  posterior 
end  of  the  body,  internal  to  the  lateral  line,  and  between  the  dorso- 
lateral and  ventro-lateral  muscles.  It  gives  off  at  its  origin  a  fine  nerve, 
which  has  a  course  nearly  parallel  to  its  own.  The  main  stem  of  the 
vagus,  at  a  short  distance  from  its  central  end,  receives  a  nerve  which 
springs  from  the  ventral  side  of  the  medulla,  on  about  a  level  with 
the  most  posterior  of  the  true  roots  of  the  vagus.  This  small  nerve 
corresponds  with  the  ventral  or  anterior  roots  of  the  vagus  described 
by  Gegenbaur,  Jackson,  and  Clarke  (though  in  the  species  investigated 
by  the  latter  authors  these  roots  did  not  join  the  vagus,  but  the 
anterior  spinal  nerves).  Similar  roots  are  also  mentioned  by  Staa- 
nius,  who  found  two  of  them  in  the  Elasmobranchs  dissected  by  him ; 
it  is  possible  that  a  second  may  be  present  in  Scyllium,  but  have 
been  overlooked  by  me,  or  perhaps  may  have  been  exceptionally 
absent  in  the  example  dissected. 

The  Fifth  Nerve.  The  thinning  of  the  roof  of  the  brain, 
in  the  manner  already  described,  produces  a  great  change 
in  the  apparent  position  of  the  roots  of  all  the  nerves.  The 
central  ends  of  the  rudiments  of  the  two  sides  are,  as  has 
been  mentioned,  at  first  in  contact  dorsally;  but,  when  by 
the  growth  of  the  roof  of  the  brain  its  two  lateral  halves 
become  pushed  apart,  the  nerves  also  shift  their  position  and 
become  widely  separated.  The  roots  of  the  fifth  nerve  are 
so  influenced  by  these  changes  that  they  spring  from  the  brain 
about  half  way  up  its  sides,  and  a  little  ventral  to  the  border 
of  its  thin  roof.     While  this  change  has  been  taking  place  in 
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the  point  of  attachment  of  the  fifth  nerve,  it  has  not  remained 
in  other  respects  in  a  stationary  condition. 

During  stage  H  it  already  exhibits  two  distinct  branches 
known  as  the  mandibular  and  ophthalmic.  These  branches 
first  lie  outside  a  section  of  the  body  cavity  which  exists  in  the 
front  part  of  the  head.  The  ophthalmic  branch  of  the  fifth 
being  situated  near  the  anterior  end  of  this,  and  the  mandi- 
bular near  the  posterior  end. 

In  stage  I  the  body  cavity  in  this  part  becomes  divided 
into  two  parts  one  behind  the  other,  the  posterior  being  situ- 
ated in  the  mandibular  arch.  The  bifurcation  of  the  nerve 
then  takes  place  over  the  summit  of  the  posterior  of  the  two 
divisions  of  the  body  cavity,  PI.  XVII,  fig.  9  6  V.  and  10  V,  &c., 
and  at  first  both  branches  keep  close  to  the  sides  of  this. 

The  anterior  or  ophthalmic  branch  of  the  fifth  soon  leaves 
the  walls  of  the  cavity  just  spoken  of  and  tends  towards  the 
eye,  and  there  comes  in  close  contact  with  the  most  anterior 
section  of  the  body  cavity  which  exists  in  the  head.  These 
relations  it  retains  unchanged  till  the  close  of  stage  K.  Be- 
tween stages  I  and  E  it  may  easily  be  seen  from  the  surface ; 
but,  before  the  close  of  stage  K,  the  increased  density  of  the 
tissues  renders  it  invisible  in  the  living  embryo. 

The  posterior  branch  of  the  fifth  extends  downwards  into 
the  mandibular  arch  in  close  contact  with  the  posterior  and 
outer  wall  of  the  body  space  already  alluded  to.  At  first  no 
branches  from  it  can  be  seen,  but  I  have  detected  by  the 
close  of  stage  K,  by  an  examination  of  the  living  embryo,  a 
branch  springing  from  it  a  short  way  from  its  central  ex- 
tremity, and  passing  forwards,  PI.  xvii,  fig.  2  v.  This  branch 
I  take  to  be  the  rudiment  of  the  superior  maxillary  division  of 
the  fifth  nerve.     It  is  shown  in  section,  PI.  XVII,  fig.  15  a  V. 

In  the  stages  after  E  the  anatomy  of  the  nerves  becomes 
increasingly  difficult  to  follow,  and  accordingly  I  must  plead 
indulgence  for  the  imperfections  in  my  observations  on  all  the 
nerves  subsequently  to  this  date.  In  the  fifth  I  find  up  to 
stage  O  a  single  ophthalmic  branch  (PL  xix.  fig.  46),  which 
passes  forwards  slightly  dorsal  to  the  eye  and  parallel  and  ventral 
to  a  branch  of  the  seventh,  which  will  be  described  when  I  come 
to  that  nerve.     I  have  been  unable  to  observe  that  this  branch 
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dividea  into  a  ramus  snperficialis  and  ramus  profundus,  and 
subsequently  to  stage  O  I  have  no  observations  on  it. 

By  stage  O  the  fifth  may  be  observed  to  have  two  veiy 
distinct  roots,  and  a  large  ganglionic  mass  is  developed  close 
to  their  junction  (Qasserian  ganglion),  PL  xix.  fig.  4  a.  But  in 
addition  'to  this  ganglionic  enlargement,  all  of  the  branches 
have  special  ganglia  of  their  own,  PL  Xix.  fig.  4  b. 

Summary.  The  fifth  nerve  has  almost  firom  the  beginning 
two  branches,  the  ophthalmic  (probably  the  inferior  ophthalmic 
of  the  adult)  and  the  inferior  maxillary.  The  superior  maxillary^ 
nerve  arises  later  than  the  other  two  as  a  branch  from  the  in- 
ferior, originating  comparatively  far  from  its  root  There  is  at 
first  but  a  single  root  for  the  whole  nerve,  which  subsequently 
becomes  divided  into  two.  Ganglionic  swellings  are  developed 
on  the  common  stem  and  main  branches  of  the  nerve. 

A  general  view  of  the  nerve  is  shown  in  the  diagram  in 
PL  XIX.  fig.  1. 


Seventh  and  Auditory  Nerves, 

There  appears  in  my  earliest  sections  a  single  Lirge  rudi- 
ment in  the  position  of  the  seventh  and  auditory  nerves ;  but  in 
longitudinal  sections  of  an  embryo  somewhat  older  than  stage  I, 
in  which  the  auditory  organ  forms  a  fairly  deep  pit,  still  widely 
open  to  the  exterior,  there  are  to  be  seen  immediately  in  front 
of  the  ear  the  rudiments  of  two  nerves,  which  come  into  contact 
where  they  join  the  brain  and  have  their  roots  still  closely  con- 
nected at  the  end  of  stage  K  (PL  xvil.  fig.  10  and  15  a  and 
15  6).  The  anterior  of  these  pursues  a  straight  course  to  the 
hyoid  arch  (PL  xvii.  fig.  10,  vil.),  the  second  of  the  two  (PL 
XVII.  fig.  10,  aw.  n.),  which  is  clearly  the  rudiment  of  the 
auditory  nerve,  developes  a  ganglionic  enlargement  and,  turning 
backward,  closely  hugs  the  ventral  wall  of  the  auditory  involu- 
tion. 

The  observation  just  recorded  appears  to  lead  to  the  fol- 
lowing conclusions  with  reference  to  the  development  of  the 
auditory  nerve.    A  single  rudiment  arises  from  the  brain  for 
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the  auditory  and  seventh  nerves.  This  rudiment  subsequently 
becomes  split  into  two  parts,  an  anterior  to  form  the  seventh 
nerve,  and  a  posterior  to  form  the  auditory  nerve.  The  gan- 
glionic part  of  the  auditory  nerve  is  derived  from  the  primitive 
outgrowths  from  the  brain,  and  not  from  the  auditory  involu- 
tion. I  do  not  feel  perfectly  confident  that  an  independent 
origin  of  the  auditory  nerve  might  not  have  escaped  my  notice ; 
but,  admittlnsr  the  correctness  of  the  view  which  attributes  to 
the  seventh  and  auditory  a  common  origin,  it  follows  that  the 
auditory  nerve  primitively  arose  in  connection  with  the  seventh, 
of  which  it  may  either,  as  Gegenbaur  believes,  be  a  distinct 
part — the  ramus  dorsalis — or  eke  may  possibly  have  formed 
part  of  a  commissure,  homologous  with  that  uniting  the  dorsal 
roots  of  the  spinal  nerves,  connecting  the  seventh  with  the 
glossopharyngeal  nerve.  In  either  case  it  must  be  supposed 
secondarily  to  have  become  separate  and  independent  in  con- 
sequence of  the  development  of  the  organ  of  hearing. 

My  sections  of  embryos  of  stage  K  and  the  subsequent 
stages  do  not  bring  to  light  many  new  facts  with  reference  to 
the  auditory  nerve:  they  demonstrate  however  that  its  gan- 
glionic part  increases  greatly  in  size,  and  in  stage  O  there  is  a 
distinct  root  for  the  auditory  nerve  in  contact  with  that  for  the 
seventh. 

The  history  of  the  seventh  nerve  in  its  later  stages  presents 
points  of  great  interest.  Near  the  close  of  stage  K  there 
may  be  observed,  in  the  living  embryos  and  in  sections,  two 
branches  of  the  seventh  in  addition  to  the  original  trunk  to 
the  hyoid  arch,  both  arising  from  its  anterior  side;  one  passes 
straight  forwards  close  to  the  external  skin,  but  is  at  first  only 
traceable  a  short  way  in  front  of  the  fifth,  and  a  second  passes 
downwards  into  the  mandibular  arch  in  such  a  fashion,  that 
the  seventh  nerve  forks  over  the  hyomandibular  cleft  (vide 
PL  XVII.  fig.  2,  VII.;  16  a,  vii.).  My  sections  show  both  these 
branches  with  great  clearness.  A  third  branch  has  also  come 
under  my  notice,  whose  course  leads  me  to  suppose  that  it 
supplies  the  roof  of  the  palate. 

In  the  later  stages  my  attention  has  been  specially  directed 
to  the  very  remarkable  anterior  branch  of  the  seventh.  This 
may,  in  stages  L  to  0,  be  traced  passing  on  a  level  with  the 
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root  of  the  fifth  nerve  above  the  eye,  and  apparently  termi- 
nating in  branches  to  the  skin  in  front  of  the  eye  (PL  xix. 
fig.  S  a,  4i  a,  yii.  a).  It  courses  close  beneath  the  skin  (though 
this  does  not  appear  in  the  sections  represented  on  account  of 
their  obliqueness),  and  runs  parallel  and  dorsal  to  the  ophthalmic 
branch  of  the  fifth  nerve,  and  may  easily  be  seen  in  this  posi- 
tion in  longitudinal  sections  belonging  to  stage  O;  but  its 
changes  after  this  stage  have  hitherto  baffled  me,  and  its  final 
fate  is  therefore,  to  a  certain  extent,  a  matter  of  speculation. 

The  two-  other  branches  of  the  seventh,  viz.,  the  hyoid  or 
main  branch  and  mandibular  branch,  retain  their  primitive 
arrangement  till  the  close  of  stage  O. 

The  fate  of  the  remarkable  anterior  branch  of  the  seventh 
nerve  is  one  of  the  most  interesting  points  which  has  started 
up  in  the  course  of  my  investigations  on  the  development  of 
the  cranial  nerves,  and  it  is  a  matter  of  very  great  regret  to 
me  that  I  have  not  been  able  to  clear  up  for  certain  its  later 
history. 

Its  primitive  distribution  leads  to  the  supposition  that  it 
becomes  the  nerve  known  in  the  adult  as  the  ramus  ophthalmicus 
superficialis  of  the  fifth  nerve,  and   this  is  the  view  which  I 
admit  myself  to   be  inclined  to   adopt.    There    are    several 
points  in  the  anatomy  of  this  nerve  in  the  adult  which  tell  in 
favour  of  accepting  this  view  with  reference  to  it     In  the  first 
place,  the  ramus  ophthalmicus  superficialis  rises  from  the  brain 
(vide  description   above,   p.  460),  quite  independently  of  the 
ramus   ophthalmicus  profundus,   and   not  in  very  dose  con- 
nection  with   the   other  branches  of  the  fifth,  and  also  con- 
siderably behind  these,  quite  as  far  back  indeed  as  the  ventral 
root  of  the  seventh.     There  is  therefore  nothing  bx  the  position 
of  its  root  opposed  to  its  being  regarded  as  a  branch  of  the 
seventh  nerve.    Secondly,  its  distiibution,  which  might  at  first 
sight  be  regarded  as  peculiar,  presents  no  very  strange  features 
if  it  is  looked  on  as  a  ramus  dorsalis  of  the  seventh,  whose 
apparent  anterior  instead  of  dorsal  course  is  due  to  the  cranial 
flexure.    If,  however,  the  distribution  of  the  ramus  ophthal- 
micus superficialis  is  used  as  an  argument  against  my  view, 
a  satisfactory  reply  is  to  be  found  in  the  fact  that  a  branch 
of  the  seventh  nerve  certainly  has  the  distribution  in  question 
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in  the  embryo,  and  that  there  is  do  reason  why  it  should 
not  retain  it  in  the  advlL 

Finally,  the  junction  of  the  two  rami  ophthalmici,  most 
remarkable  if  they  are  branches  of  a  single  nerve,  would  present 
nothing  astonishing  when  they  are  regarded  as  branches  of 
two  separate  nerves. 

If  this  view  be  adopted,  certain  modifications  of  the  more 
generally  accepted  views  of  the  morphology  of  the  cranial 
nerves  will  be  necessitated ;  but  this  subject  is  treated  of  at  the 
end  of  this  section. 

Some  doubt  hangs  over  the  fate  of  the  other  branches  of 
the  seventh  nerve,  but  their  destination  is  not  so  obscure  as 
that  of  the  anterior  branch.  The  branch  to  the  roof  of  the 
mouth  can  be  at  once  identified  as  the  '  palatine  nerve ',  and 
it  only  remains  to  speak  of  the  mandibular  branch. 

It  may  be  noticed  first  of  all  with  reference  to  this  branch, 
that  the  seventh  behaves  precisely  like  the  less  modified 
succeeding  cranial  nerves.  It  forks  in  fact  over  a  visceral 
cleft  (the  hyomandibular)  the  two  sides  of  which  it  supplies; 
the  branch  at  the  anterior  side  of  the  cleft  is  the  later 
developed  and  smaller  of  the  two.  There  cannot  be  much 
doubt  that  the  mandibular  branch  must  be  identified  with 
the  spiracular  nerve  (prae-spiracular  branch  Jackson  and  Clarke) 
of  the  adult,  and  if  the  chorda  tympani  of  Mammals  is  cor- 
rectly regarded  as  the  mandibular  branch  of  the  seventh 
nerve,  then  the  spiracular  nerve  must  represent  it.  Jackson 
and  Clarke^  take  a  different  view  of  the  homology  of  the 
chorda  tympani,  and  regard  it  as  equivalent  to  the  ramus 
mandibularis  internus  (one  of  the  two  branches  into  which 
the  seventh  eventually  divides),  because  this  nerve  takes 
its  course  over  the  ligament  connecting  the  mandible  with 
the  hyoid.  This  view  I  cannot  accept  so  long  as  it  is  ad- 
mitted that  the  chorda  tympani  is  the  branch  of  a  cranial 
nerve  supplying  the  anterior  side  of  a  cleft  The  ramus  man- 
dibularis internus,  instead  of  forming  with  the  main  branch 
of  the  seventh  a  fork  over  the  spiracle,  passes  to  its  destination 
completely  behind  and  below  the  spiracle,  and  therefore  fails 
to  fulfil  the  conditions  requisite  for  regarding  it  as  a  branch 

^  Loc.  ciu 


468  HE  BALFOUE. 

to  the  anterior  wall  of  a  visceral  cleft.  It  is  indeed  clear 
that  the  ramus  mandibularis  intemus  cannot  be  identified 
with  the  embryonic  mandibular  branch  of  the  seventh  (which 
passes  above  the  spiracle  or  hyomandibular  cleft)  when  there  is 
present  in  the  adult  another  nerve  (the  spiracular  nerve),  which 
exactly  corresponds  in  distribution  with  the  embryonic  nerve 
in  question.  My  view  accords  precisely  with  that  already 
expressed  by  Gegenbaur  in  his  masterly  paper  on  the  nerves 
of  Hexanchus,  in  which  he  distinctly  states  that  he  looks 
upon  the  spiracular  nerve  as  the  homologue  of  an  anterior 
branchial  branch  of  a. division  of  the  vagus.  In  the  adult 
the  spiracular  nerve  is  sometimes  represented  by  one  or  two 
branches  of  the  palatine^  ^.g,  Scy Ilium,  but  at  other  times 
arises  independently  from  the  main  stem  of  the  seventh  \ 
The  only  difficulty  in  my  identiBcation  of  the  embryonic 
mandibular  branch  with  the  adult  spiracular  nerve,  is  the 
extremely  small  size  of  the  latter  in  the  adult,  compared  with 
the  size  of  mandibular  in  the  embryo;  but  it  is  hardly  sur- 
prising to  find  an  atrophy  of  the  spiracular  nerve  accompanying 
an  atrophy  of  the  spiracle  itself«  The  palatine  appears  to  me 
to  have  been  rightly  regarded  by  Jackson  and  Clarke  as  the 
great  superficial  petrosal  of  Mammals. 

On  the  common  root  of  the  branches  of  the  seventh  nerve, 
as  well  as  on  its  hyoid  branch,  ganglionic  enlargements  are 
present  at  an  early  period  of  development. 

The  Glossopharyngeal  and  Vagus  Nerves.  Behind  the  ear 
there  are  formed  a  series  of  five  nerves  which  pass  down 
to  respectively  the  firat,  second,  third,  fourth  and  fifth  visceral 
arches. 

For  each  arch  there  is  thus  one  nerve,  whose  course  lies 
close  to  the  posterior  margin  of  the  preceding  cleft,  a  second 
anterior  branch  being  developed  later.  These  nerves  are  con- 
nected with  the  brain  (as  I  have  determined  by  transverse 
sections)  by  roots  at  first  attached  to  the  dorsal  summit^  but 
eventually  situated  about  half-way  down  the  sides  (PI.  xvil 
fig.  6),  nearly  opposite  the  level  of  the  process  which 
divides  the  ventricle  of  the  hind-brain  into  a  dorsal  and  a 
ventral  moiety.    The  foremost  of  these  nerves  is  the  glosso- 

^  Hexanohus,  Gegenbaur,  JenaUche  Zeitschrift,  Vol.  vi. 
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pharyngeal.  The  next  four  are,  as  has  been  shown  by  Gegen- 
baur*,  equivalent  to  four  independent  nerves,  but  form,  together 
with  the  glossopharyngeal,  a  dompound  nerve,  which  we  may 
briefly  call  the  vagus. 

This  compound  nerve  by  stage  K  attains  a  very  com- 
plicated structure,  and  presents  several  remarkable  and  unex- 
pected features.  Since  it  has  not  been  possible  for  me 
completely  to  elucidate  the  origin  of  all  its  various  parts,  it 
will  conduce  to  clearness  if  I  give  an  account  of  its  structure 
during  stage  E  or  L,  and  then  return  to  what  facts  I  can 
mention  with  reference  to  its  development.  Its  structure 
during  these  stages  is  represented  on  the  diagram,  PL  xix. 
fig.  1.  There  are  present  five  branches,  viz.  the  glosso- 
pharyngeal and  four  branches  of  the  vagus,  arising  probably  by 
a  considerably  greater  number  of  strands  from  the  brain '• 
All  the  strands  from  the  brain  are  united  together  by  a  thin 
commissure,  Vg.  cam.,  continuous  with  the  commissure  of  the 
posterior  roots  of  the  spinal  nerves,  and  from  this  commissure 
the  five  branches  are  continued  obliquely  ventralwards  and  back- 
wards, and  each  of  them  dilates  into  a  ganglionic  swelling. 
They  all  become  again  united  together  by  a  second  thick  com- 
missure^  which  is  continued  backwards  as  the  intestinal  branch 
of  the  vagus  nerve  Vg.  in.  The  nerves,  however,  are  continued 
ventralwards  each  to  its  respective  arch.  From  the  hinder 
part  of  the  intestinal  nerve  springs  the  lateral  nerve  n.2.,  at  a 
point  whose  relations  to  the  branches  of  the  vagus  I  have  not 
certainly  determined. 

The  whole  nerve-complex  formed  by  the  glossopharyngeal 
and  the  vagus  nerves  cannot  of  course  be  shown  in  any  single 
section.  The  various  roots  are  shown  in  PL  xix.  fig.  5.  The 
dorsal  commissure  is  represented  in  longitudinal  section  in 
PL  XVII.  fig.  15  6,  com.,  and  in  transverse  section  in  PL  XIX. 
fig.  2  Vg,  com.  The  lower  commissure  continued  as  the  in- 
testinal nerve  is  shown  in  PI.  xvii.  fig.  15  a,  Vg.,  and  as  seen 
in  the  living  embiyo  in  PI.  xvii.  figs.  1  and  2.  The  ganglia 
are  seen  in  PL  xvil.  fig.  6,  Vg.  My  observations  have  not 
taught  me  much  with  reference  to   the  origin  of  the  two 

^  Loe.  eit. 

*  In  tlM  diagram  there  are  only  five  sirands  represented.    This  is  due  to 
the  faet  that  I  have  not  oertainly  made  out  their  true  number. 
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commissureB,  viz.  the  dorsal  one  and  tbe  one  which  fonDs  the 
intestinal  branch  of  the  vagua  Very  possibly  they  origrinate 
as  a  single  commissure  which  becomes  longitudinally  seg- 
mented. It  deserves  to  be  noticed  that  the  dorsal  commissiare 
has  a  long  stretch,  from  the  last  branch  of  the  vagus  to  the 
first  spinal  nerve,  during  which  it  is  not  coimected  with  the 
root  of  any  nerve ;  vide  fig.  15  b,  com.  This  space  probably 
contained  originally  the  now  lost  branches  of  the  vagus.  Ib 
many  transverse  sections  where  the  dorsal  commissure  might 
certainly  be  expected  to  be  present  it  cannot  be  seen,  but  this 
is  perhaps  due  to  its  easily  falling  out  of  the  sections.  I  have 
not  been  able  to  prove  that  the  commissure  is  continued  for- 
wards into  the  auditory  nerve. 

The  relation  of  the  branches  of  the  vagus  and  glossophaiyn- 
geal  to  the  branchial  clefts  requires  no  special  remark.  It  is 
fundamentally  the  same  in  the  embryo  as  in  the  adult.  The 
branches  at  the  posterior  side  of  the  clefts  are  the  first  to 
appear,  those  at  the  anterior  side  of  the  clefits  being  formed 
subsequently  to  stage  K. 

One  of  the  most  interesting  points  with  reference  to  the 
vagus  is  the  number  of  separate  strands  from  the  brain  which 
unite  to  form  it.  The  questions  connected  with  these  have  been 
worked  out  in  a  masterly  manner,  both  from  an  anatomical  and 
a  theoretical  standpoint,  by  Professor  Gegenbaur\  It  has  not 
been  possible  for  me  to  determine  the  exact  number  of  these  in 
my  embiyos,  nor  have  I  been  able  to  show  whether  they  are  as 
numerous  at  the  earliest  appearance  of  the  vagus  as  at  a  later 
embryonic  period.  The  strands  are  connected  (PL  xix.  fig.  5) 
with  separate  ganglionic  centres  in  the  brain,  though  in  several 
instances  more  than  one  strand  is  connected  with  a  single 
centre.  In  an  embryo  between  stage  O  and  P  more  than  & 
dozen  strands  are  present.  In  an  adult  Scyllium  I  counted 
twelve  separate  strands,  but  their  number  has  been  shown  by 
O^enbaur  to  be  very  variable.  Perhaps  they  are  remnants  of 
the  roots  of  the  numerous  primary  branches  of  the  vagus  which 
have  now  vanished;  and  this  perhaps  is  the  explanation  of  their 
variability,  since  in  the  case  of  all  organs  which  are  on  the 
way  to  disappear  variability  is  a  precursor  of  disappearance. 

'  Loc,  eit. 
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A  second  interesting  point  is  the  presence  of  the  two 
connecting  commissures  spoken  of  above.  It  was  not  till  com- 
paratively late  in  my  investigations  that  I  detected  the  dorsal 
one.  This  has  clearly  the  same  characters  as  the  dorsal  com- 
missure already  described  as  connecting  the  roots  of  all  the 
q)inal  nerves,  and  is  indeed  a  direct  prolongation  of  thia  It 
becomes  gradually  thinner  and  thinner,  and  finally  ceases  to  be 
observable  by  about  the  close  of  stage  L.  It  is  of  importance 
as  showing  the  similarity  of  the  branches  of  the  vagus  to 
the  dorsal  roots  of  the  spinal  nerves.  The  ventral  of  the  two 
commissures  persists  in  the  adult  as  the  common  stem  from 
which  all  the  branches  of  the  vagus  successively  originate, 
and  is  itself  continued  backwards  as  the  intestinal  branch  of  the 
vagus.  The  glossopharyngeal  nerve  alone  becomes  eventually 
separated  from  the  succeeding  branches.  Stannius  and  Qegen- 
baur  have,  as  was  mentioned  above,  detected  in  adult  Elasmo- 
branchs  roots  which  join  the  vagus^  and  which  resemble  the 
anterior  or  ventral  roots  of  spinal  nerves;  and  I  have  myself 
described  one  such  root  in  the  adult  Scyllium.  I  have  searched 
for  these  in  my  embryos,  but  without  obtaining  conclusive  results. 
In  ihe  earliest  stages  I  can  find  no  trace  of  them,  but  I  have 
detected  in  stage  L  one  anterior  root  on  debatable  border-land, 
which  may  conceivably  be  the  root  in  question,  but  which  I 
should  naturally  have  put  down  for  the  root  of  a  spinal  nerve. 
Are  the  roots  in  question  to  be  regarded  as  proper  rpots  of  the 
vagus,  or  as  ventral  roots  of  spinal  nerves  whose  dorsal  roots 
have  been  lost  ?  The  latter  view  appears  to  me  the  most  pro- 
bable one,  partly  from  the  embryological  evidence  furnished  by 
my  researches^  which  is  clearly  opposed  to  the  existence  of  ante- 
rior roots  in  the  brain,  and  partly  from  the  condition  of  these 
roots  in  Echinorhinus,  in  which  they  join  the  succeeding  spinal 
nerves  and  not  the  vagus^.  The  similar  relations  of  the  ap- 
parently homologous  branch  or  branches  in  many  Osseous  Fish 
may  also  be  used  as  an  argument  for  my  view. 

If,  as  seems  probable,  the  roots  in  question  become  the 
hypoglossal  nerve,  this  nerve  must  be  regarded  as  formed 
from  the  anterior  roots  of  one  or  more  spinal  nerves.     Without 

*  Vide  Jackson  and  Clarke  loe,  eit.  The  anthora  take  a  difiFerent  Tiew  to 
that  here  advocated,  and  regard  the  ventral  roots  described  by  them  as  having 
originally  belonged  to  the  vagas. 
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embiyological  evidence  it  does  not  however  seem  possible  to 
decide  whether  the  hypoglossal  nerve  contains  elements  only  oi 
anterior  roots  or  of  both  anterior  and  posterior  roots. 

Meaoblast  of  the  Head* 

Body  Cavity  and  Myotomes  of  the  Head. — During  stage  F 
the  appearance  of  a  cavity  on  each  side  in  the  mesoblast  of 
the  head  was  described.  These  cavities  end  in  front  opposite 
the  blind  anterior  extremity  of  the  alimentary  canal ;  behind 
they  are  continuous  with  the  general  body-cavity.  I  propose 
calling  them  the  head-cavities.  The  cavities  of  the  two  sides 
have  no  communication  with  each  other. 

Coincidently  with  the  formation  of  an  outgrowth  from  the 
throat  to  form  the  first  visceral  cleft^  the  head-cavity  on  each 
side  becomes  divided  into  a  section  in  front  of  the  cleft  and  a 
section  behind  the  cleft  (vide  PL  xvii.  fig.  4  a  and  4  6  pp.) ;  and 
during  stage  H  it  becomes,  owing  to  the  formation  of  a  second 
cleft,  divided  into  three  sections:  (1)  a  section  in  front  of  the 
first  or  hyomandibular  cleft ;  (2)  a  section  in  the  hyoid  arch 
between  the  hyomandibular  cleft  and  the  hyobranchial  or  first 
branchial  cleft ;  (3)  a  section  behind  the  first*branchial  cleft. 

The  section  in  front  of  the  hyomandibular  cleft  stands  in  a 
peculiar  relation  to  the  two  branches  of  the  fifth  nerve.  The 
ophthalmic  branch  of  the  fifth  lies  dose  to  the  outer  side  of  its 
anterior  part,  the  mandibular  branch  close  to  the  outer  side  of  its 
posterior  part.  During  stage  I  this  front  section  of  the  head- 
cavity  grows  forward,  and  becomes  divided,  without  the  inter- 
vention of  a  visceral  cleft,  into  an  anterior  and  posterior  division. 
The  anterior  lies  close  to  the  eye,  and  in  front  of  the  com- 
mencing mouth  involution,  and  is  connected  with  the  ophthalmic 
branch  of  the  fifth  nerve.  The  posterior  part  lies  completely 
within  the  mandibular  arch,  and  is  closely  connected  with  the 
mandibular  division  of  the  fifth  nerve. 

As  the  rudiments  of  the  successive  visceral  clefts  are  formed, 
the  posterior  part  of  the  head-cavity  becomes  divided  into  suc- 
cessive sections,  there  being  one  section  for  each  arch.  Thus 
the  whole  head-cavity  becomes  on  each  side  divided  into  (1)  a 
premandibular  section ;  (2)  a  mandibular  section ;  (3)  a  hyoid 
section ;  (4)  sections  in  the  branchial  arches. 
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The  first  of  these  divisions  forms  a  space  of  a  considerable 
size,  with  epithelial  walls  of  somewhat  short  columnar  cells. 
It  is  situated  close  to  the  eye,  and  presents  a  rounded  or  some- 
times triangular  figure  in  sections  (PL  xvil.  fig.  7,  9  6  and  16  &, 
I.  pp, ).  The  ophthalmic  branch  of  the  fifth  nerve  passes  close 
to  its  superior  and  outer  wall. 

Between  stages  I  and  K  the  anterior  cavities  of  the  two 
sides  are  prolonged  ventralwards  and  meet  below  the  base  of 
the  fore-brain  (PL  xvn,  fig.  8,  i.  pp.).  The  connection  between 
the  two  cavities  appears  to  last  for  a  considerable  time,  and  still 
persists  at  the  close  of  stage  L.  The  anterior  or  premandibular 
pair  of  cavities  are  the  only  parts  of  the  body-cavity  within 
the  head  which  unite  ventrally.  In  the  trunk,  however,  the 
primitively  independent  lateral  halves  of  the  body-cavity  always 
unite  in  this  way.  The  section  of  the  head-cavity  just  described 
is  so  similar  to  the  remaining  posterior  sections  that  it  must  be 
considered  as  equivalent  to  them. 

The  next  division  of  the  head-cavity,  which  from  its  position 
may  be  called  the  mandibular  cavity,  presents  during  the  stages 
I  and  K  a  spatulate  shape.  It  forms  a  flattened  cavity,  dilated 
dorsally,  and  produced  ventrally  into  a  long  thin  process  parallel 
to  the  hyomandibular  gill-cleft,  PL  XYli.  fig.  1  pp.  and  fig.  7« 
96  and  15  a,  2  pp.  Like  the  previous  space  it  is  lined  by  a 
short  columnar  epithelium. 

The  fifth  nerve,  as  has  already  been  mentioned,  bifurcates 
over  its  dorsal  summit,  and  the  mandibular  branch  of  that 
nerve  passes  down  on  its  posterior  and  outer  side.  The  man- 
dibular aortic  arch  is  situated  close  to  its  inner  side,  PL  xvil 
fig.  7.  Towards  the  close  of  this  period  the  upper  part  of  the 
cavity  atrophies.  Its  lower  part  also  becomes  much  narrowed, 
but  its  walls  of  columnar  cells  persist  and  lie  close  to  one 
another.  The  outer  or  somatic  wall  becomes  very  thin  indeed, 
the  splanchnic  wall,  on  the  other  hand,  thickens  and  forms  a 
layer  of  several  rows  of  elongated  cells.  This  thicker  wall  is 
on  its  inner  side  separated  from  the  surrounding  tissue  by  a 
small  space  lined  by  a  membrane-like  structure.  In  each  of 
the  remaining  arches  there  is  a  segment  of  the  original  body- 
cavity  fundamentally  similar  to  that  in  the  mandibular  arch. 
A  dorsal  dilated  portion  appears,  however,  to  be  present  in  the 
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third  OT  hyoid  section  alone,  and  even  there  disappears  by  the 
close  of  stage  K.  The  cavities  in  the  posterior  parts  of  the  head 
become  much  reduced  like  those  in  its  anterior  part,  though  at 
rather  a  later  period.  Their  walls  however  piersist,  and  become 
more  oolunmar.  In  PI.  xvii.  fig.  13  b,  pp.,  is  represented  the 
cavity  in  the  last  arch  but  one,  at  a  period  when  the  cavity  in 
the  mandibular  arch  has  become  greatly  reduced.  It  occupies 
the  same  position  on  the  outer  side  of  the  aortic  trunk  of  its 
arch  as  does  the  cavity  in  the  mandibular  arch  (PI.  xtil 
fig.  7,  2pp).  In  Torpedo  embryos  the  head-cavity  is  much 
smaller,  and  atrophies  earlier  than  in  the  embryos  of  Pristiunis 
and  Scyllium. 

It  has  been  shown  that,  with  the  exception  of  the  most 
anterior,  the  divisions  of  the  body-cavity  in  the  head  become 
atrophied,  not  bo  however  their  walls.  The  cells  forming  these 
become  elongated,  and  by  stage  N  become  distinctly  developed 
into  muscles.  Their  exact  history  I  have  not  followed  in  its 
details,  but  they  unquestionably  become  the  musculus  con- 
trictor  superficialis  and  musculus  interbranchialis^ ;  and  pro- 
bably also  musculus  levator  mandibuli  and  other  muscles  of 
the  front  part  of  the  head. 

The  most  anterior  cavity  close  to  the  eye  remains  unaltered 
much  longer  than  the  remaining  cavities,  and  its  two  halves 
are  still  in  communication  at  the  close  of  stage  L.  I  have  not 
yet  succeeded  in  tracing  the  subsequent  fate  of  its  walls,  but 
think  it  probable  that  they  develope  into  the  muscles  of  the  eye. 
The  morphological  importance  of  the  sections  of  the  body- 
cavity  in  the  head  cannot  be  over-estimated,  and  the  fact  that 
the  walls  become  developed  into  the  muscular  system  of  the 
head  renders  it  almost  certain  iJuxt  we  must  regard  them  as 
equivalent  to  the  muscle-plates  of  the  body,  which  originaUy  con- 
tain, equoMy  with  those  of  the  head,  sections  of  the  body-cavity. 
■If  this  determination  is  correct,  there  can  be  no  doubt  that  they 
ought  to  serve  as  valuable  guides  to  the  number  of  segments 
which  have  coalesced  to  form  the  head«  This  point  is,  how-- 
ever,  discussed  in  a  subsequent  section. 

General  mesoblast  of  the  head. — In  stage  Q  no  mesoblast  is 

^  Vide  Tetter,  Die  Kiemen  und  Kiefermmculatur  d,  Fische.  JenaUcke  Zeiu 
ichri/t,  VoL  Yzi. 
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present  in  the  head,  except  that  which  forms  the  walls  of  the 
head-cavity. 

During  stage  H  a  few  cells  of  undifferentiated  connective 
tissue  appear  around  the  stalk  of  the  optic  vesicle,  and  in  the 
space  between  the  front  end  of  the  alimentary  tract  and  the 
base  of  the  brain  in  the  angle  of  the  cranial  flexure.  They  are 
probably  budded  off  from  the  walls  of  the  head-cavities.  Their 
number  rapidly  increases,  and  they  soon  form  an  investment 
surrounding  all  the  organs  of  the  head,  and  arrange  themselves 
as  a  layer,  between  the  walls  of  the  roof  of  the  fore  and  mid- 
brain and  the  external  skin.  At  the  close  of  stage  K  they  are 
still  undifferentiated  and  embryonic,  each  consisting  of  a  large 
nucleus  surrounded  by  a  very  delicate  Jayer  of  protoplasm  pro* 
duced  into  numerous  thread-like  processes.  They  form  a  regular 
meshwork,  the  spaces  of  which  are  filled  up  by  an  intercellular 
fluid. 

I  have  not  worked  out  the  development  of  the  cranial  and 
visceral  skeleton ;  but  this  has  been  made  the  subject  of  an  in- 
vestigation by  Mr  Parker,  who  is  more  competent  to  deal 
with  it  than  any  other  living  anatomist.  His  results  were  in 
part  made  known  in  his  lectures  before  the  Royal  College  of 
Surgeon8\ 

All  my  efforts  have  hitherto  failed  to  demonstrate  any 
segmentation  in  the  mesoblast  of  the  head,  other  than  that  indi- 
cated by  the  sections  of  the  body-cavity  before  mentioned;  but 
since  these,  as  above  stated,  must  be  regarded  as  equivalent  to 
muscle-plates,  any  further  segmentation  of  mesoblast  could  not 
be  anticipated.  To  this  statement  the  posterior  part  of  the 
head  forms  an  apparent  exception.  Not  far  behind  the  audi* 
tory  involution  there  are  visible  at  the  end  of  period  K  a  few 
longitudinal  muscles,  forming  about  three  or  four  muscle-plates, 
the  ventral  part  of  which  is  wanting.  I  have  not  the  means 
of  deciding  whether  they  properly  belong  to  the  head,  or  may 
not  really  be  a  part  of  the  trunk  system  of  muscles  which 
has,  to  a  certain  extent,  overlapped  the  back  part  of  the  head, 
but  am  inclined  to  accept  the  latter  view.  These  cranial  muscle- 
plates  are  shown  in  PL  xvil.  fig.  15  6,  and  in  PL  xix.  fig.  2. 

>  A  report  ol  the  leeturea  appeared  in  Nalbwre, 
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Noiodiord  in  the  Head, — The  notodioid  during  stage  G  im 
ntaated  for  its  whole  lei^:th  dose  under  the  brain,  and  tenni- 
nates  opposite  the  base  ci  the  mid-brain.  As  the  cranial  flexure 
becomes  greater  and  mesoUast  is  collected  in  Ihe  ang^e  fonned 
bj  this,  the  termination  of  the  notochord  recedes  from  the  base 
of  the  brain,  but  remains  in  close  contact  with  the  front  end  rf 
the  alimentary  canaL  At  the  same  time  its  terminal  part  be- 
comes yeiy  much  thinner  than  the  remainder,  ends  in  a  p<unt^ 
and  exhibits  signs  of  a  retrogressive  metamorphosis.  It  also 
becomes  bent  upon  itself  m  a  ventral  direction  through  an 
angle  of  180*;  vide  PL  xvn.  fig.  9  a  and  16  a.  In  some  cases 
this  curvature  is  even  more  marked  than  is  represented  in 
these  figures. 

The  bending  of  the  end  of  the  notochord  is  not  directly 
caused  by  the  cranial  flexure,  as  is  proved  by  the  fact  that 
the  end  of  the  notochord  becomes  bent  through  a  far  greater 
angle  than  does  the  brain.  During  the  stages  subsequent  to  K 
the  ventral  flexure  of  the  notochord  disappears,  and  its  term- 
inal part  even  becomes  bent  slightly  dorsalwards. 

Hypoblast  of  the  hecuL — The  only  feature  of  the  alimentary 
tract  in  the  head  which  presents  any  special  interest  is  the  form* 
ation  of  the  gill-slits  and  of  the  thyroid  body.  In  the  present 
section  the  development  of  the  former  alone  is  dealt  with:  the 
latter  body  will  be  treated  in  the  section  devoted  to  the  general 
development  of  the  alimentary  tract. 

The  gill-slits  arise  as  outgrowths  of  the  lining  of  the 
throat  towards  the  external  skin.  In  the  gill-slits  of  Tor- 
pedo I  have  observed  a  slight  ingrowth  of  the  external  skin 
towards  the  hypoblastic  outgrowth  in  one  single  case.  In  all 
other  cases  observed  by  me,  the  outgrowth  from  the  throat 
meets  the  passive  external  skin,  coalesces  with  it,  and  then,  by 
the  dissolution  of  the  wall  separating  the  lumen  of  the  throat 
from  the  exterior,  a  free  communication  from  the  throat  out- 
wards is  effected ;  vide  PL  xvii.  fig.  6  a  and  6,  and  13  6.  Thus 
it  happens  that  the  walls  lining  the  clefts  are  entirely  formed 
of  hypoblast  The  clefts  are  fonned  successively^  the  anterior 
appearing  first,  and  it  is  not  till  after  the  rudiments  of  three 
have  appeared,  that  any  of  them  become  open  to  the  exterior. 

^  Vide  Journal  of  Anatomy  and  Phyiiology,  VoL  z.  PL  zziv.  and  zzy. 
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In  stage  E,  four-if  not  five  are  open  to  the  exterior,  and  the 
rudiments  of  six,  the  full  number,  have  appeared  \  Towards  the 
close  of  stage  K  there  arise,  from  the  walls  of  the  2nd,  3rd, 
and  4th  clefts,  very  small  knob-like  processes,  the  rudiments  of 
the  external  gills.  These  outgrowths  are  formed  both  by  the 
lining  of  the  gill-cleft  and  by  the  adjoining  mesoblast*. 

From  the  mode  of  development  of  the  gill-clefts,  it  appears 
that  their  walls  are  lined  externally  by  hypoblast,  and  therefore 
that  the  external  gills  are  processes  of  the  walls  of  the  alimen* 
tary  tract,  i,e.  are  covered  by  an  hypoblastic,  and  not  an  epiblastic 
layer.  It  should  be  remembered,  however,  that  after  the  gill- 
slits  become  open,  the  point  where  the  hypoblast  joins  the 
epiblast  ceases  to  be  determinable,  so  that  some  doubt  hangs 
over  the  above  statement. 

The  identification  of  the  layer  to  which  the  gills  belong  is  not 
without  interest.  If  the  external  gills  have  an  epiblastic  origin, 
they  may  be  reasonably  regarded'  as  homologous  with  the  ex- 
ternal gills  of  Annelids ;  but,  if  derived  from  the  hypoblast^  this 
view  becomes,  to  say  the  least,  very  much  less  probable. 

Segmentation  of  the  Head. — The  nature  of  the  vertebrate 
head  and  its  relation  to  the  trunk  forms  some  of  the  oldest 
questions  of  Philosophical  Morphology. 

The  answers  of  the  older  anatomists  to  these  questions 
are  of  a  contradictory  character,  but  within  the  last  few 
years  it  has  been  more  or  less  generally  accepted  that 
the  head  is,  in  part  at  least,  merely  a  modified  portion 
of  the  trunk,  and  composed,  like  that,  of  a  series  of  homo- 
dynamous  86gments\  While  the  researches  of  Huxley,  Parker, 
Qegenbaur,  Qotte,  and  other  anatomists,  have  demonstrated 
in  an  approximately  conclusive  manner  that  the  head  is  com- 
posed of  a  series  of  segments,  great  divergence  of  opinion 
still  exists  both  as  to  the  number  of  these  segments,  and 
as  to  the  modifications  which  they  have  undergone,  especially 

^  The  deeoription  of  stage  E  and  L,  Vol.  z.  p.  562,  is  a  little  inaoonrate  with 
reference  to  the  nnmber  of  the  Tisceral  clefts,  though  the  number  Tisible  in  the 
hardened  embryos  is  correctly  described. 

'  Vide  on  the  development  of  the  gills,  Sohenk,  SiU.  d.  k,  Akad,  Wien, 
Vol.  Lxn.,  1875. 

'  Vide  Dohm,  Unprung  d,  Wirhtlthxere, 

^  Semper,  in  his  most  recent  work,  maintains,  if  I  understand  him  rightly, 
that  the  head  is  in  no  sense  a  modified  part  of  the  trunk,  but  admits  that  it  is 
segmented  in  a  similar  fashion  to  the  trunk. 
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in  the  anterior  part  of  the  head.  The  questions  involved 
are  amongst  the  most  difficult  in  the  whole  range  of  morpho- 
logy, and  the  investigations  recorded  in  the  preceding  pages  do 
not,  I  am  very  well  aware,  go  far  towards  definitely  solving 
them.  At  the  same  time  my  observations  on  the  nerves  and  on 
the  head-cavities  appear  to  me  to  throw  a  somewhat  new  light 
upon  these  questions,  and  it  has  therefore  appeared  to  me  worth 
while  shortly  to  state  the  results  to  which  a  consideration  of 
these  organs  points.  There  are  three  sets  of  oigans,  whose  de- 
velopment has  been  worked  out,  each  of  which  presents  more  or 
less  markedly  a  segmental  arrangement: — (1)  The  craniid  nerves; 
(2)  the  visceral  clefts ;  (3)  the  divisions  of  the  head-cavity. 

The  first  and  second  of  these  have  often  been  employed  in 
the  solution  of  the  present  problem,  while  the  third,  so  far  as  is 
known,  exists  only  in  the  embryos  of  Elasmobranchs. 

The  development  of  the  cranial  nerves  has  recently  been 
studied  with  great  care  by  Dr  Gdtte,  and  his  investigations  have 
led  him  to  adopt  very  definite  views  on  the  segments  of  head. 
The  arrangement  of  the  cranial  nerves  in  the  adult  has  £re* 
quently  been  used  in  morphological  investigations  about  the  skull, 
but  there  are  to  my  mind  strong  grounds  against  regarding  it  as 
affording  a  safe  basis  for  speculation.  The  most  important  of 
these  depends  on  the  fact  that  nerves  are  liable  to  the  greatest 
modification  on  any  changes  taking  place  in  the  organs  they 
supply.  On  this  account  it  is  a  matter  of  great  difficulty, 
amounting  in  many  cases  to  actual  impossibility,  to  determine 
the  morphological  significance  of  the  different  nerve-branches, 
or  the  nature  of  the  fusions  and  separations  which  have  taken 
place  at  the  roots  of  the  nerves.  It  is,  in  fact,  only  in  those 
parts  of  the  skull  which  have,  relatively  speaking,  undergone 
but  slight  modifications,  and  which  require  no  special  elucidation 
from  the  nerves,  that  these  sufficiently  retain  in  the  adult  their 
primitive  form  to  serve  as  trustworthy  morphological  guides. 

I  propose  to  examine  separately  the  light  thrown  on  the 
segmentation  of  the  head  by  the  development  of  (1)  the  nerves, 
(2)  the  visceral  clefts,  (3)  the  head-cavities ;  and  then  to  com- 
pare the  three  sets  of  results  so  obtained. 

The  post-auditory  nerves  present  no  difficulties ;  they  are  all 
organized  in  the  same  fashion,  and,  as  was  first  pointed  out  by 
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Gegenbaur,  form  five  separate  nerves,  each  indicating  a  seg- 
ment. A  comparison  of  the  post-auditory  nerves  of  Scyllium 
and  other  typical  Elasmobranchs  with  those  of  Hexanchus  and 
Heptanchus  proves,  however,  that  other  segments  were  origin- 
ally present  behind  those  now  found  in  the  more  typical  forms. 
And  the  presence  in  Scyllium  of  numerous  (twelve)  strands 
from  the  brain  to  form  the  vagus,  as  well  as  the  fact  that  a 
large  section  of  the  commissure  connecting  the  vagus  roots  with 
the  posterior  roots  of  the  spinal  nerves  is  not  connected  with 
the  brain,  appear  to  me  to  show  that  all  traces  of  the  lost  nerves 
have  not  yet  vanished. 

Passing  forwards  from  the  post-auditory  nerves,  we  come  to 
the  seventh  and  auditory  nerves.  The  embryolpgical  evidence 
brought  forward  in  this  paper  is  against  regarding  these  nerves 
as  representing  two  segments.  Although  it  must  be  granted 
that  my  evidence  is  not  conclusive  against  an  independent 
formation  of  these  two  nerves,  yet  it  certainly  tells  in  favour  of 
their  originating  from  a  common  rudiment,  and  Marshall's  re- 
sults on  the  origin  of  the  two  nerves  in  Birds  (published  in 
the  present  number  of  this  Journal)  support,  I  have  reason  to 
believe,  the  same  conclusion.  Even  were  it  eventually  to  be 
proved  that  the  auditory  nerve  originated  independently  of  the 
seventh,  the  general  relations  of  this  nerve,  embryological  and 
otherwise,  are  such  that,  provisioniEtUy  at  least,  it  could  not  be 
regarded  as  belonging  to  the  same  category  as  the  facial  or 
glossopharyngeal  nerves,  and  it  has  therefore  no  place  in  a 
discussion  on  the  segmentation  of  the  head.  * 

The  seventh  nerve  of  the  embryo  (PI.  xix.  fig.  1,  vil.)  is 
formed  by  the  junction  of  three  conspicuous  branches,  (1)  an 
anterior  dorsal  branch  which  takes  a  more  or  less  horizontal 
course  above  the  eye  (vn.  a) ;  (2)  a  main  branch  to  the  hyoid 
arch  (vil.  hy) ;  (3)  a  smaller  branch  to  the  posterior  edge  of  the 
mandibular  arch  (vii.  mn).  The  first  of  these  branches  can 
clearly  be  nothing  else  but  the  typical  "ramus  dorsalis,"  of 
which  however  the  auditory  may  perhaps  be  a  specialized 
part.  The  fact  that  this  branch  pursues  an  anterior  and  not 
a  directly  dorsal  course  is  probably  to  be  explained  as  a  con- 
sequence of  the  cranial  flexure.  The  two  other  branches  of 
the  seventh  nerve  are  the  same  as  those  present  in  all  the 
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pogterior  nerves,  viz.  the  brandies  to  the  two  sides  of  a  branchial 
cleft,  in  the  present  instance  the  spiracle;  the  seventh  nerve 
being  dearly  the  nerve  of  the  hyoid  arch. 

The  fifth  nerve  presents  in  the  arrangement  of  its  branches 
a  similarity  to  the  seventh  nerve  so  striking  that  it  cannot  be 
overlooked.  This  similarity  is  at  once  obvious  firom  an  inspec- 
tion of  the  diagram  of  the  nerves  on  PL  xix.  fig.  1,  v.,  or  from  aa 
examination  of  the  sections  representing  these  nerves  (PI.  xix. 
figs.  3  and  4).  It  divides  like  the  seventh  nerve  into  three 
main  branches :  (1)  an  anterior  and  dorsal  branch  (r.  ophthal- 
micus profundus),  whose  course  lies  parallel  to  but  ventral  to 
that  of  the  dorsal  branch  of  the  seventh  nerve ;  (2)  a  main 
branch  to  the  mandibular  arch  (r.  maxilla  inferioris);  and  (3)  an 
anterior  branch  to  the  palatine  arcade  (n  maxillas  superioris). 
I  was  at  first  inclined  to  regard  the  anterior  branch  of  the  fifth 
(ophthalmic)  as  representing  a  separate  nerve,  and  was  supported 
in  this  view  by  its  relation  to  the  most  anterior  of  the  head- 
cavities;  but  the  unexpected  discovery  of  an  exactly  similar 
branch  in  the  seventh  nerve  has  induced  me  to  modify  this 
view,  and  I  am  now  constrained  to  view  the  fifth  as  a  single 
nerve,  whose  branches  exactly  correspond  with  those  of  the 
seventh.  The  anterior  branch  of  the  fifth  is,  like  the  corre- 
sponding bcanch  of  the  seventh,  the  ramtis  dorscdis,  and  the  two 
other  branches  are  the  equivalent  of  the  branches  of  the 
seventh,  which  fork  over  the  spiracle,  though  in  the  case  of 
the  fifth  nerve  no  distinct  cleft  is  present  unless  we  regard  the 
mouth  as  such.  Embryology  thus  appears  to  teach  us  that 
the  fifth  nerve  is  a  single  nerve  supplying  the  mandibular  arch, 
and  not,  as  has  been  usually  thought,  a  complex  nerve  result- 
ing from  the  coalescence  of  two  or  three  distinct  nerves.  My 
observations  do  not  embrace  the  origin  or  history  of  the  third, 
fourth,  and  sixth  nerves,  but  it  is  hardly  possible  to  help  sus- 
pecting that  in  these  we  hav6  the  nerve  of  one  or  more  segments 
in  front  of  that  supplied  by  the  fifth  nerve;  a  view  which  well 
accords  with  the  most  recent  morphological  speculations  oi 
Professor  Huxley*. 

From  this  enumeration  of  the  nerves  the  optic  nerve  is 

1  Prelixninaiy  note  npon  the  brain  and  sknll  oi  Amphiozas,  Proe.  of  the  Boyal 
Society^  Vol.  zzu. 
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excluded  for  obvious  reasons,  and  although  it  has  been  shown 
above  that  the  olfactory  nerve  developes  like  the  other  nerves 
as  an  outgrowth  from  the  brain,  yet  its  very  late  appearance 
and  peculiar  relations  are,  at  least  for  the  present,  to  my  mind 
sufficient  grounds  for  excluding  it  from  the  category  of  seg* 
mental  cranial  nerves. 

The  nerves  then  give  us  indications  of  seven  cranial  seg- 
ments, or,  if  the  nerves  to  the  eye-muscles  be  included,  of  cU  the 
least  eight  segments,  but  to  these  must  bo  added  a  number 
of  segments  now  lost,  but  which  once  existed  behind  the  last 
of  those  at  present  remaining. 

The  branchial  clefts  have  been  regarded  as  guides  to  seg- 
mentation by  Qegenbaur,  Huxley,  Semper,  etc.,  and  this  view 
cannot  I  think  be  controverted.  In  Scyllium  there  are  six 
clefts  which  give  indications  of  seven  segments,  viz.  the  seg- 
ments of  the  mandibular  arch,  hyoid  arch,  and  of  the  five 
branchial  arches.  If,  following  the  views  of  Dr  Dohm*,  wo 
regard  the  mouth  as  representing  a  cleft,  we  shall  have  seven 
clefts  and  eight  segments ;  and  it  is  possible,  as  pointed  out  in 
Dr  Dohrn's  very  suggestive  pamphlet,  that  remnants  of  a  still 
greater  number  of  prseoral  clefts  may  still  be  in  existence. 
Whatever  may  be  the  value  of  these  speculations,  such  forms 
as  Hexanchus  and  Heptanchus  and  Amphioxus  make  it  all 
but  certain  that  the  ancestors  of  vertebrates  had  a  number  of 
clefts  behind  those  now  developed. 

The  last  group  of  organs  to  be  dealt  with  for  our  present 
question  is  that  of  the  Head-Cavities. 

The  walls  of  the  spaces  formed  by  cephalic  prolongations  of 
the  body-cavity  develope  ii^to  muscles  and  resemble  the  muscle- 
plates  of  the  trunk,  and  with  these  they  must  be  identified, 
as  has  been  already  stated.  As  equivalent  to  the  muscle-plates, 
they  clearly  are  capable  of  serving  as  very  valuable  guides  for 
determining  the  segmentation  of  the  head.  There  are  then  a 
pair  of  these  in  front  of  the  mandibular  arch,  a  pair  in  the 
mandibular  arch,  and  a  pair  in  each  succeeding  arch.  In  all 
there  are  eight  pairs  of  these  cavities  representing  eight  seg- 
ments, the  first  of  them  prseoral.  As  was  mentioned  above, 
each  of  the  sections  of  the  head-cavity  (except  perhaps  the 

*  Urtprung  d,  WirheUhiere, 
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first)  stands  in  a  definite  relation  to  the  nerve  and  artery  of  the 
arch  in  which  it  is  situated. 

The  comparative  results  of  these  three  independent  methods 
of  determining  the  segmentation  of  the  head  are  in  the  sub- 
joined table  represented  in  a  form  in  which  they  can  be 
compared : — 

Table  of  the  Cephalic  SegmerUs  as  determined  hy  the  KerveSy  Visceral 

Arclies,  and  Jlead^Cavities. 


Segments. 

Nerves. 

Yisoeral  Arches. 

Head-Cavities. 

Prffioral  1 

3rd  and 4th  and?  6th 
nerves  (perhaps  repre- 
senting more  than 
one  segment) 

(?) 

1 
1st  head- cavity          { 

(in  my  figures  1  j»p.)| 

1 

Postoral  2 

5th  nerve 

Mandibular 

2nd  head-cavity 
(iu  my  figures  2  pp.) 

8 

7th  nerve 

Hyoid 

3rd  head-cavity 

4 
6 

GloBsophaiyngeal 

nerve 
1st  branch  of  vagus 

1st  branchial  arch 
2nd  branchial  arch 

4th  head-cavity 
5th  head-cavity 

6 

2nd  branch  ol  vagus 

drd  branchial  arch 

Bth  head-cavity 

7 

3rd  branch  of  vagus 

4th  branchial  arch 

7th  head-cavity 

8 

4th  branch  of  vagus 

5th  branchial  arch 

8th  head-cavity 

In  the  above  table  the  first  column  denotes  the  segments  of 
the  head  as  indicated  by  a  comparison  of  the  three  sets  of  organs 
employed.  The  second  column  denotes  the  segments  as  ob- 
tained by  an  examination  of  the  nerves ;  the  third  column  is  for 
the  visceral  arches  (which  lead  to  the  same  results  as,  but  are  more 
convenient  for  our  table  than,  the  visceral  clefts),  and  the  fourth 
column  is  for  the  head-cavities.  It  may  be  noticed  that  from 
the  second  segment  backwards  the  three  sets  of  organs  lead  to 
the  same  results.  The  head-cavities  indicate  one  segment  in 
front  of  the  mouth,  and  now  that  the  ophthalmic  branch  of  the 
fifth  has  been  dethroned  from  its  position  as  a  separate  nerve, 
the  eye-nerves,  or  one  of  them,  may  probably  be  regarded  as 
belonging  to  this  segment.  If  the  suggestion  made  above 
(p.  474),  that  the  walls  of  the  first  cavity  become  the  eye-muscles, 
be  correct,  the  eye-nerves  would  perhaps  after  all  be  the  most 
suitable  nerves  to  regard  as  belonging  to  the  segment  of  the  first 
head-cavity. 
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EXPLANATION  OF  PLATE  XV. 

Complete  list  qf  r^erence  letters, 

ep,  epiblast.       sp.  e,  spinal  cord.        / 1,  lateral  Udo. 
m.  e,  mucous  canal  of  the  head.        n,  I,  nervus  lateralis. 
«.  in,  intestinal  branch  of  the  yagus.         v,  op,  ramus  ophthalmicus  of 
the  fifth  nerve. 

m,  p.  muscle-plate.       m.  p\  muscles  of  muscle-plate. 

V,  ar,  vertebral  arch.       no.  neural  arch.       ha.    hsemal  arch. 

rp,  rib  process.        m,  el.  membrana  elastica  externa. 

V  b.  vertebral  bodv.        eh,  notochord.       sh,  sheath  of  notochord. 

a,  sub-notochordal  rod.       ey,  g,  sympathetic  ganglion. 

<.  d,  segmental  duct.       /.  liver.        ai,  alimentary  tract 

um,  umbilical  duct.       oo.  aorta.        ca  v,  cardinal  vein. 

V,  cau.  caudal  vein.       v.  blood-vessel.       c.  connective  tissue. 

Fig.  1.  Section  through  the  anterior  part  of  an  embryo  of  Seyllium 
canicula  during  stage  L. 

e.  Peculiar  large  cells  which  are  found  at  the  dorsal  part  of  the  spinal 
cord.    Sympathetic  ganglion  shown  at  st/.  g.    Zeiss  A,  ocul.  1. 

Fig.  2.    Section  throuc^h  the  lateral  line  at  the  time  of  its  first  formation. 
The  cells  marked  n.  L  were  not  sufficiently  distinct  to  make  it  quite 
certain  that  they  really  formed  part  of  the  latenJ  nerve.    Zeiss  B,  ocuL  2. 

Fig,  3a.  36.  3c.  3d.  Four  sections  of  the  lateral  line  from  an  embiyo 
belonging  to  stage  L.  3a  is  the  most  anterior.  In  3  a  the  lateral  nerve 
(n.  /.)  is  9een  to  ue  in  the  mesoblast  at  some  little  distance  from  the  lateral 
lina  In  35  and  3<;  it  lies  in  immediate  contact  with  and  partly  enclosed 
by  the  modified  epiblast  cells  of  the  lateral  line.  In  Zd^  the  hindermost 
section,  the  latenu  line  is  much  laiger  than  in  the  other  sections,  but  no 
trace  is  present  of  the  lateral  nerve.  The  sections  were  taken  from  the 
following  slides  of  mv  series  of  the  embryo  (the  series  commencing  at  the 
tail  end)  Sd  (46).  3c  (64).  3&  (84).  3a  (93).  The  figures  all  drawn  on  Uiesame 
scale,  but  3  a  is  not  from  the  same  side  of  the  body  as  the  other  sections. 

Fig,  4.  Section  through  lateral  line  of  an  embryo  of  stage  P  at  the 
point  where  it  is  acquiring  an  opening  to  the  exterior.  The  peculiar 
modified  ceUs  of  its  innermost  part  deserve  to  be  noticed.    Zeiss  D,  ocul.  2. 

Fig.  5.  Mucous  canals  of  the  head  with  branches  of  the  ramus  ophthal- 
micus growing  towards  them.    Stage  O.    Zeiss  A,  ocul.  2. 

Fig.  6.  Mucous  canals  of  head  with  branches  of  the  ramus  ophthal- 
micus growing  towards  them.    Stage  between  O  and  P.     Zeiss  aa,  ocul.  2. 

Fig,  7.  Junction  of  a  nerve  and  mucous  canaL  Stage  P.  Zeiss  D, 
ocuL  2. 

Fia,  8.  Longitudinal  and  horizontal  section  through  the  muscle-plates 
and  adjoining  structures  at  a  stage  intermediate  between  L  and  M.  The 
section  is  intended  to  show  the  gradual  conversion  of  the  cells  of  the 
somatic  layer  of  muscle-plates  into  muscles. 

Fig,  9.  Longitudinal  section  through  the  notochord  and  adjoining 
parts  to  show  the  first  appearance  of  the  cartilaginous  notochordal  sheath 
which  forms  the  vertebral  centra.     Stage  N. 

Fig*  10.  Transverse  section  through  the  tail  of  an  embryo  of  stage  P  to 
show  the  coexistence  of  the  rib-process  and  h»mal  arch  in  the  first  few 
sections  after  the  appearance  of  the  latter.    Zeiss  C,  ocul.  1. 
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Fig.  II.  TranBTerae  section  through  the  centre  of  a  candal  Tertebn 
of  an  embryo  somewhat  older  tl  an  Q.  It  shows  (1)  the  similarity  betweoi 
the  arch-tissne  and  the  hyaline  tissue  of  the  outer  layer  of  the  yertebral 
centrum,  and  (2)  the  separation  of  the  two  by  the  membrana  elastica 
externa,  (m.  «0  It  shows  also  the  differentiation  of  three  layers  in  the 
vertebral  centrum :  vide  p.  419. 


EXPLANATION  OF  PLATE  XVL 

Complete  lUt  of  rtferenee  letiert. 

p  r.  posterior  root  of  a  spinal  nerve. 
a  r.  anterior  root  of  a  spmal  nerva       n.  spinal  nerve. 
9pg.  ganglion  on  posterior  root  of  sjHnal  nerve. 
eom,  commissure  connecting  the  posterior  roots  of  the  spinal  nerres. 
te.  white  matter  of  spinal  cord.        n,e,  neural  canaL 
y.  point  where  the  spinal  cord  became  segmented  off  from  the  snper- 
jaoent  epiblast 

i.  mesoblastic  investment  of  spinal  cord.       fn.j9.  muscle-|dateL 
«.r.  vertebral  rudiment. 

Fig,  \y  2,  and  3.  Three  sections  of  a  Pristinrus  embryo  belomgin^  (o 
stage  I.  Fig.  1  passes  through  the  heart,  fie.  2  through  the  anterior  part 
of  the  dorsal  region,  fig.  3  through  a  point  sughtly  behind  thia  (Z^sa  CO, 
ocul.  2.)  In  fig.  3  there  is  visible  a  slight  proliferation  of  cells  frasn.  the 
dorsal  summit  of  the  neural  canaL  In  fig.  2  this  proliferation  definitely  con- 
stitutes two  club-shaped  masses  of  cells  (p  r)— the  rudiments  of  the  porterior 
nerve-roots,— both  attached  to  the  dorsid  summit  of  the  spinal  cord.  Id 
fig.  I  the  rudiments  of  the  posterior  roots  are  of  considerable  length. 

Fig,  4.  Section  through  the  dorsal  region  of  a  Torpedo  embnro  sligfatly 
older  than  stage  I,  with  three  visceral  clefts.  (Zeiss  00,  ocul.  2.)  The  section 
shows  the  formation  of  a  pair  of  dorsal  nerve-rudiments  {pr)  and  avential 
nerve-rudiment  (a  r).  The  latter  is  shown  in  its  youngest  condition^  and  is 
not  distinctly  cellular. 

Fig,  ff.  Section  thro^h  the  dorsal  region  of  a  Torpedo  emlMjo  alightly 
younger  than  stage  K.  (Zeiss  CO,  ocuL  2.)  The  connective-tissue  cells  are 
omitted.  The  rudiment  of  the  ganglion  (»p,  g,)  on  the  posterior  root  has 
appeared,  and  the  junction  of  posterior  root  with  the  cord  is  difficult  to 
detect    The  anterior  root  forms  an  elongated  cellular  structnra 

Fig.  6.  Section  through  the  dorsal  region  of  a  Pristiurus  embryo  of 
stage  K.  (Zeiss  CO,  ocul.  2.)  The  section  especsaliy  illustrates  the  attach* 
ment  of  the  posterior  root  to  the  spinal  cord. 


Fig.  7.  Section  through  the  same  embryo  as  ^g.  6.  (Zeiss  CO,  ocul.  1.) 
The  section  contains  an  anterior  root,  which  takes  its  origin  at  a  point 
opposite  the  interval  between  two  posterior  roots. 

Fig.  8.  A  series  of  posterior  roots  united  by  a  dorsal  commissure,  froB 
a  longitudinal  and  vertical  section  of  a  Scyllium  embryo  belonging  to  a  stags 
intermediate  between  L  and  M.  The  embryo  was  hardened  in  a  mixtoia 
of  osmic  and  chromic  acids. 

Fia.  9.  The  central  end  of  a  posterior  nerve-root  from  the  same  embtjtv 
with  the  commissure  springing  out  from  it  on  either  sida 


i 


^ar^m^m^mma^^m^^^m^^m^i^m^i^i^^a^mmmmmm-a 


DETV'ELOPMENT   OP   ELASMOBRANCH  FISHES.  485 


EXPLANATION  OF  PLATE  XVIL 
The  Head  during  staoes  G — K. 

Complete  list  qf  r^erences. 

ep.  external  epiUast        op,  eye.       op,  v,  optic  vesicle. 

op,  n,  optic  ner?a        L  lens.        Ch.  choroid  slit. 

?iy.  hyaloid  membrane.        ol.  olfiEtctory  pit.        aiLV,  auditory  vesicle. 

au,  n,  auditory  nenra        au,  p.  auditory  pit. 

au.  thickening  of  epiblast  to  form  the  auditory  pit 

fb,  fore-brain.       c^.  cerebrum.       pn,  pineal  gland. 

pt,  pituitary  body.        /n.  iufundibulum. 

fn  h,  mid-brain.       b  b.  base  of  brain.        b,  wall  of  braia 

h  b.  hind-brain.       cK  cerebellum.       iv.  v.  fourth  ventricle. 

ip,  c  spinal  cord. 

V.  fifth  nerve.  opth,  v.  ophthalmic  branch  of  fifth.  mn,  v.  mandi- 
bular branch  of  fifth.  viL  seventh  or  facial  nerva  ffl.  glossopharyngeal 
nerve.       com.  commissure  connecting  roots  of  vagus  nerva 

Vg.  vagus.       p,  posterior  root  of  spinal  nerve. 

1,  2  etc.  pp.  nnt,  second,  eta  section  of  body  cavity  in  the  head. 

ch.  notochord. 

m.  mesoblast  at  the  base  of  the  brain. 

ht.  heart.        V.  c.  visceral  clefL  !»  2^  3  eta  e.g.  external  gills. 

€tl.  alimentary  canal.     Th.  thyroid  bodv. 

ao.  aorta.        I  a.  a.  2  a.  a.  etc.    1st,  2a,  etc.  aortic  arch. 

CI.  c.  V.  anterior  cardinal  vein.        v.  blood-vessel. 

M.  mouth  involution. 

so,  somatopleura       sp.  splanchnopleure. 

Fig.  1.  Head  of  a  Pristiums  embryo  of  stage  K  viewed  as  a  transparent 
object. 

The  points  which  deserve  special  attention  are:  (1)  The  sections  of  the 
«•     body  cavity  in  the  head  (pp.}-    The  first  or  premandibulor  section  being 
ii     situated  close  to  the  eye.    The  second  in  the  mandibular  arch.    Above  this 
[«     one  the  fifth  nerve  bifurcates.    The  third  at  the  summit  of  the  hyoid  arch. 
$  The  cranial  nerves  and  the  general  appearance  of  the  brain  are  well 

shown  in  the  figure. 

The  notochord  cannot  be  traced  in  the  living  embryo  so  far  forward  as 
^  it  is  represented.  It  has  been  inserted  according  to  the  position  which 
<^    it  is  seen  to  occupy  in  sections. 

-    Fig.  2.    Head  of  an  embryo  of  Scyllium  canicnla  somewhat  later  than 
'•      stage  K,  viewed  as  a  transparent  object. 
>'  The  figure  shows  the  condition  of  the  brain;  the  branches  of  the  fifth 

and  seventh  nerves  (v.  vii.);  the  rudiments  of  the  semicircular  canals; 

and  the  commencing  appearance  of  the  extenial  gills  as  buds  on  both 

walls  of  2nd,  3rd,  and  4th  clefts.    The  external  gills  have  not  appeared  on 

first  cleft  or  spiracle. 

Fig.  3.  Section  through  the  head  of  a  Pristinrus  embyro  during  stage  G. 
It  i«howB  (1)  the  fifth  nerve  (v.)  arising  as  an  outgrowth  from  the  dorsal  summit 
of  the  brain.  (2)  The  optic  vesicles  not  yet  constricted  off  from  the  fure-braiu. 

Fig.  4  a  and  4  b.  Two  sections  through  the  head  of  a  Pristiums  embrvo 
of  stage  I.    They  show  (I)  the  appearance  of  the  seventh  nerve.    (2)  The 
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Srtioii  of  the  body  cavity  belonging  to  the  first  and  second  visceral  arches. 
The  commencing  thickening  of  epiblast  to  form  the  anditory  involation. 
In  4  b,  the  posterior  of  the  two  sections,  no  trace  of  an  auditory  nerve  is 
to  be  seen. 

Fig,  5  a  and  5  h.  Two  sections  throngh  the  head  of  a  Torpedo  embTjo 
wiUi  3  viscend  clefts.    Zeiss  A.  ocnl.  1. 

5  a  shows  the  formation  of  the  thin  roof  of  the  fourth  ventricle  by  a 
divarication  of  the  two  lateral  halves  of  the  brain. 

Both  sections  show  the  commencing  formation  of  the  thyroid  body  (th) 
at  the  base  of  the  mandibular  arch. 

They  also  illustrate  the  formation  of  the  visceral  clefts  by  an  outgrowth 
from  the  alimentary  tract  without  any  corresponding  ingrowth  of  the  extemtl 
epiblast 

Fig.  6.  Section  through  the  hind-brain  of  a  somewhat  older  Torpedo 
embrvo.    Zeiss  A,  ocul.  1. 

Tne  section  shows  (i;  the-  attachment  of  a  branch  of  the  vag^  io  the 
walls  of  the  hind-brain.    (2)  The  peculiar  form  of  the  hind-brain. 

Fig.  7.  Transverse  section  through  the  head  of  a  Pristiunis  embTyo 
belonging  to  a  stage  intermediate  between  I  and  K,  passing  through  both 
the  forO'Drain  and  the  hind-brain.    Zeiss  A,  ocul.  1. 

The  section  illustrates  (1)  the  formation  of  the  pituitary  body  (pi)  from 
the  mouth  involution  (m),  and  proves  that,  although  the  wall  of  the  throat 
(al)  is  in  contact  with  tiie  mouth  involution^  there  is  by  this  stage  no 
communication  between  the  two. 

The  section  illustrates  (1)  The  eye.  (2)  The  sections  of  the  body  cavity 
in  the  head,  Ipp,  2  pp.    (3)  The  fifth  nerve  (v.)  and  the  seventh  nerve  (viL). 

Fig,  8.  Transverse  section  through  the  brain  of  a  rather  older  embijo 
than  fig.  7.  It  shows  the  ventral  junction  of  the  anterior  sections  of  tbe 
body  cavity  in  the  head,  1  pp. 

Fig,  9  a  and  9  5.  Two  longitudinal  sections  through  the  brain  of  a 
Pristiunis  embrvo  belonging  to  a  stage  intermediate  between  I  and  R. 
(Zeiss  A,  ocuL  1.) 

Fig,  9  a.  Is  taken  through  the  median  line,  but  is  reconstructed  from 
two  sectionflL  It  shows  (1)  The  divisions  of  the  brain — The  cerebrum  and 
thalamencephalon  in  the  fore-brain ;  the  mid-brain ;  the  commencing 
cerebellum  in  the  hind-brain.  (2)  The  relntion  of  the  mouth  involution 
to  the  infundibulum.    (3)  The  termination  of  the  notochord. 

Fig,  9b,  Is  a  section  to  one  side  of  the  same  brain.  It  shows  (1)  The 
divisions  of  the  brain.  (2)  The  point  of  outgrowth  of  the  optic  nerves,  op,  a. 
(3)  The  sections  of  the  body  cavity  in  the  head  and  the  bifurcation  of  the 
optic  nerve  over  the  2nd  of  these. 

Fig,  10.  Longitudinal  section  through  the  head  of  a  Fristiurus  embryo 
somewhat  younger  than  fig.  9.  Zeiss  a,  ocul  4.  It  shows  Uie  relatioD  of 
the  nerves  and  the  junction  of  the  fifths  seventh,  and  auditory  nerves  with 
the  brain. 

Fig.  11.  Longitudinal  section  through  the  fore-brain  of  a  Pristiama 
embryo  of  sta^  E^  slightly  to  one  side  of  the  middle  line.  It  shows  the 
deep  constriction  separating  the  thalamencephalon  from  the  cerebral  hemi- 
spheres. 

Fig.  12.  Longitudinal  section  through  the  base  of  the  brain  of  an 
embryo  of  a  stage  intermediate  between  I  and  K. 
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It  i^ows  (1)  The  condition  of  the  end  of  the  notochord.  (2)  The  relation 
of  mouth  involution  to  the  inAindibulunL 

Fig.  13  a.  Longitudinal  and  horizontal  section  through  part  of  the  head 
of  a  Pristiurus  embryo  rather  older  than  K.    Zeiss  A,  ocul.  L 

The  %gure  contains  the  eye  cut  through  in  the  plane  of  the  choroid  slit. 
Thus  the  optic  nerve  (o^.  n)  and  choroid  slit  {ch)  are  both  exhibited. 
Through  the  latter  is  seen  passing  mesoblast  accompanied  by  a  blood- 
vessel (f?).  Op  represents  part  of  the  optic  veside  to  one  side  of  the  choroid 
slit 

No  mesoblast  can  be  seen  passing  round  the  outside  of  the  optic  cup ; 
and  the  only  mesoblast  which  enters  the  optic  cup  passes  through  the 
choroid  slit 

Fig,  13  &.  Transverse  section  through  the  last  arch  but  one  of  the  same 
embrvo  as  13  a.    Zeiss  A,  ocul.  1. 

The  6gim  shows  (1)  The  mode  of  formation  of  a  visceral  cleft  without 
any  involution  of  the  external  skin.  (2)  The  head  cavity  in  the  arch  and 
its  situation  in  relation  to  the  aortic  arch. 

Fig,  14.  Surface  view  of  the  nasal  pit  of  an  embryo  of  same  age  as  fig.  13. 
The  8{>ecimen  was  prepared  by  removing  the  nasal  pit^  flatteniog  it  out  and 
mounting  in  glycerine  after  treatment  with  chromic  add.  It  shows  the 
primitive  anrangement  of  the  Schneiderian  folds.  One  side  has  been 
injured. 

Fig.  15  a  and  15  6.  Two  longitudinal  and  vertical  sections  through 
the  head  of  a  Pristiurus  embryo  belonging  to  stage  K.    Zeiss  a,  oci^.  3. 

^  Fig,  15  a  is  the  most  superBdal  section  of  the  two.  It  shows  the  con- 
stitution of  the  seventh  and  fifth  nerves,  and  of  the  intestinal  branch  of  the 
vagus.    The  anterior  branch  of  the  seventh  nerve  deserves  a  special  notice. 

jF^.  \hh  mainly  illustrates  the  dorsal  commissure  of  the  vagus  nerve  (com) 
continuous  with  the  dorsal  commissures  of  the  posterior  root  of  the  spinal 
nerves. 

Fig,  16.  Two  longitudinal  and  vertical  sections  of  the  head  of  a 
Pristiurus  embryo  belonging  to  stage  K.    Zeiss  a,  oeul.  1. 

Fig,  16  a  passes  through  the  median  line  of  the  brain  and  shows  the 
infundibulum,  notochord  and  pituitary  body,  etc 

The  pituitary  body  still  opens  into  the  mouth,  though  the  septum 
between  the  mouth  and  the  throat  is  broken  through. 

Fig,  16  &  is  a  more  auperfidal  section  showing  the  head  cavities  /?p.  1,  2, 
3;  aud  the  lower  vagus  commissure. 


EXPLANATION    OF    PLATE    XVIII. 

Complete  list  qf  rtferencei, 

eer,  cerebral  hemispheres.  ch.  notochord. 

/  V.  lateral  ventricle.  p  cl.  posterior  dinoid. 

pn-  pineal  gland.  mru  mandible. 

a,  rudiment  of  septum  which  will  grow  backwards  and  divide  the 
unpaired  cerebral  rudiment  into  the  two  hemispheres. 
c  in,  internal  carotid.  op,  n,  optic  nerve. 

op,  eye.  in.  iufundibulum.  pi,  pituitary  body. 

oi,  olfactory  pit  ol.  L  olfactory  lobe. 

op,  th.  optic  thalamus.  p  c.  posterior  commissure. 
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m  b.  mid-brain,  or  optic  lobes.  cb.  oerebellam. 

md,  medulla  oblongata.  iv.  v.  fourth  yentricle. 

/L  fasciculi  teretes.  r  /.  restiform  tracts. 

t  V.  tela  vasculosa  of  the  roof  of  the  fourth  ventricle. 
azL  V,  auditory  vesicle.  vii.  seventh  nerve. 

Fig.  la,  lb,  Ic.  Longitudinal  sections  of  the  brain  of  a  Scyllium 
embryo  belonging  to  stage  L.    Zeiss  a,  ocul.  1. 

1  a  is  taken  slightly  to  one  side  of  the  middle  line,  and  shows  the 
general  features  of  the  brain,  and  more  especially  the  infundibuluni  {in.) 
and  pituitary  body  {pt). 

Ibw  through  the  median  line  of  the  pineal  gland. 

I  c  ia  through  the  median  line  of  the  base  of  the  brain,  and  shows  the 
notochord  (cA.)  and  pituitair  bodv(pO;  the  latter  still  communicating  with 
^the  mouth.  It  also  shows  the  wide  opening  into  the  infundibulum  in  the 
middle  line  of  the  base  of  the  brain. 

Fiff.  2*  Section  through  the  unpaired  cerebral  rudiment  during  stage 
0,  to  show  the  origin  of  tne  olfactory  lobe  and  the  olfactory  nerve.  The 
latter  is  seen  to  divide  into  numerous  branches,  one  of  which  passes  into 
each  Schneiderian  fold.  At  its  origin  are  numerous  ganglion  celU  repre- 
sented by  dots.    Zeiss  a,  ocul  2. 

Fif.  3.  Horizontal  section  through  the  three  lobes  of  the  brain  during 
stage  O.    Zeiss  a,  ocul.  2. 

The  figure  shows  (1)  the  very  slight  indications  which  have  appeared 
by  this  stage  of  an  ingrowth  to  divide  the  cerebral  rudiment  into  two 
lobes,  a.  (2)  The  optic  thalami  united  hj  a  posterior  commissure,  and  on 
one  side  joining  the  base  of  tho  mid-bram.  (3)  The  thin  posterior  wall  of 
the  cerebral  rudiment  with  folds  projecting  into  the  cerebrsd  cavity. 

Fiff,  4a,  4b.  4 c.  Views  from  the  side,  from  above,  and  from  below, of 
a  brain  of  Scyllium  canicula  during  stage  P,  dissected  out  In  the  view 
from  the  side  the  eye  (op.)  has  not  been  removed. 

The  bilobed  appearance  both  of  the  mid- brain  and  cerebellum  shotdd 
be  noticed. 

Fig,  5.  Longitudinal  section  of  a  brain -of  Scyllium  canicula  daring 
stoge  r.    Zeiss  a,  ocuL  2. 

There  should  be  noticed  (I)  the  increase  in  the  flexure  of  the  brain, 
accompanying  a  rectification  of  the  cranial  axis ;  (2)  the  elongated 
pineal  gland,  and  (3)  the  structure  of  the  optic  thalamus. 

Fig,  6a,  6b,  6c,  Views  from  the  side,  from  above,  and  from  below,  of 
a  brain  of  Scyllium  stellare  during  a  slightly  later  stage  than  Q. 

Fig,  7  a  and  7  b.  Two  longitudinal  sections  through  the  brain  of  an 
embryo  during  stage  Q.    Zeiss  a,  ocul.  2. 

la  cuts  the  hind  part  of  the  brain  nearlv  in  the  middle  line;  while 
7  b  cuts  the  cerebral  hemispheres  and  pineal  gland  in  the  middle. 

In  7  a  the  infundibulum  (1),  cerebellum  (2),  the  passage  of  the  resti- 
form tracts  (r  t)  into  the  cerebellum  (3),  and  the  rudiments  of  the  tela 
vaACulosa  (4)  are  shown.  In  7  &  the  septum  between  the  two  lobes  of  the 
cerebral  hemispheres  (1),  the  pineal  gland  (2),  and  the  relations  of  the  optic 
ihalami  (3)  are  shown. 

Fig.  8a,  Sb,  Sc,  SeL  Four  transverse  sections  of  the  brain  of  an 
embryo  slightlv  older  than  Q.    Zeiss  a,  ocul.  1. 

8  a  passes  tnrough  the  cerebral  hemispheres  at  their  junction  with  the 
olfactory  lobes.    On  the  right  side  is  seen  the  olfactory  nerve  coming' off 
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from  ihe  olfactory  loba  At  the  dor8.il  side  of  the  hemispheres  is  seen  the 
pineal  gland. 

8  b  passes  throngh  the  mid-brain  now  slightly  bilobed,  and  the  opening 
into  the  infundibulum  {in).  At  the  base  of  the  section  are  seen  the  optic 
nerves  and  their  chiasma. 

8  c  passes  tlinmgh  the  opening  from  the  ventricle  of  the  mid-brain  into 
that  of  the  cerebellnm.    Below  the  optic  lobes  is  seen  the  infimdibulam. 

Sd  piisses  through  the  front  end  of  the  medulla,  and  shows  the  roots 
of  the  seventh  pair  of  nerves,  and  the  overlapping  of  the  medulla  by  the 
cerebellum. 


EXPLANATION  OP  PLATE  XIX. 

Complete  list  of  r(iferences. 

v.  fifth  nerve. 

T.  op,  th,  ramus  ophthalmicus  of  fifth  nerve. 
V.  mx.  „     maxillse  superioris  of  fifth  nerve. 

Y,  mn.  „      mandibularis  of  fifth  nervei 

vii  seventh  nerve. 

vii.  mn,  mandibular  (spiracular)  branch  of  seventh  nerve, 
vii.  hp,  hyoid  branch  of  seventh  nerve, 
vii  a,  anterior  branch  of  seventh  nerve. 
gl.  glossophanngeal  nerve.  vff.  vagus  nerve. 

vff,  r,  roots  of  vagus  nerves  in  the  brain. 

vg.  com.  commissure  uniting  the  roots  of  the  vagus,  and  continuous 
with  commissure  uniting  the  posterior  roots  of  the  spin^  nerves. 
rg.  in.  intestinal  branch  of  vagus. 
vg.  br.  branchial  branch  of  vagus. 

n  I.  nervus  lateralis.  p  r.  posterior  root  of  spinal  nerva 

a  r.  anterior  root  of  spinal  nerve.  v  c.  visceral  cleft 

»p.  spiracle.    ^  cm.  v.  auditory  vesicle.  op.  eve. 

ol.  olfactory  pit  cer,  cerebrum.  cA.  notochord. 

p  ch.  parachordal  cartilage.  //.  lateral  line. 

pp,  head  cavity.  hy.  m,  hyaloid  membrane. 

pfal.  processus  falcifomiis.  rt,  retina. 

ch.  epithelial  layer  of  choroid  membrane.        v  h.  vitreous  humour. 

Fig,  1.    Diagram  of  cranial  nerves  at  stage  L. 

A  description  of  the  part  of  this  referrins:  to  the  vasus  and  glosso- 
pharyngeal nerves  is  given  at  p.  468.  It  should  be  noticed  that  there  are 
only  five  strands  indicated  as  springing  from  the  spinal  cord  to  form  the 
vagus  and  glossopharyngeal  nerves.  It  is  however  probable  that  there  are 
even  from  the  first  a  greater  number  of  strands  than  this. 

Fig.  2.  Section  through  the  hinder  part  of  the  medulla  oblongata, 
stage  between  K  and  L.    Zeiss  A,  ocul.  2. 

It  shows  (1)  The  vagus  commissure  with  branches  on  one  side  from  the 
medulla.  (2)  The  intestinal  branch  of  the  vagus  giving  off  a  nerve  to  the 
lateral  line. 

Fig.  3.  Longitudinal  and  vertical  section  through  the  head  of  a 
ScylUum  embryo  of  stage  L.  Zeiss  a,  ocul.  2. 

It  shows  the  course  of  the  anterior  branch  of  the  seventh  nerve  (vii> ; 
especially  with  relation  to  the  ophthalmic  branch  of  the  fifth  nerve  (v.  op,  th). 
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Fig,  4  a  and  4  h.  Two  hoiiionUl  and  longitadinal  sections  tfaroogfa  the 
head  of  a  ScyUinm  embrro  belonging  to  stage  0.    Zeiss  a,  ocul.  2. 

4  a  is  the  most  dorsal  of  the  two  sections,  and  shows  the  course  4tf  the 
anterior  branch  of  the  seventh  nerve  above  tiie  eyeu 

46  is  a  slightly  more  ventral  section,  and  shows  the  coarse  of  ihe  fiiUi 
nerve. 

Fig.  0.  Longitadinal  and  hoiixontal  section  throngh  the  hind-brain 
at  stage  O,  showing  the  roots  of  the  vagus  and  glossopharyngeal  nerves  in 
the  brain.    Zeiss  %  ocuL  2. 

There  appears  to  be  one  root  in  the  brain  for  the  gloesoDharTngeal, 
and  at  least  six  for  the  vagus.  The  fibres  from  the  roots  diviae  in  many 
cases  into  two  bundles  before  leaving  the  brain.  Swellings  of  the  bnin 
towards  the  interior  of  the  fourth  ventricle  are  in  connection  vnth  the  fiisi 
five  roots  of  the  vagus,  and  the  glossopharyngeal  root ;  and  a  swelling  is 
also  intercalated  between  the  first  vagos  root  and  the  glossophaiyngeal 
root. 

Fig.  6.  Horizontal  section  through  a  part  of  the  choroid  slit  at  stage 
P.    Zeiss  B,  ocul  2. 

The  figure  shows  the  rudimentary  prooeesos  fiddformis  {DnfaLS  giviiK 
origin  to  the  vitreous  humour,  and  the  hyaloid  membrane  (Ay.  nt!)  vrfai^ 
is  seen  to  adhere  to  the  retina,  and  not  to  the  vitreous  humour  or 
falciformis. 


ON  THE  EARLY  STAGES  OF  DEVELOPMENT  OF 
THE  NERVES  IN  BIRDS.  Br  A.  Milnes  Mar- 
SHALL,  B.A.,  B.Sc.    (Plates  XX.  and  XXI.)  * 

(From  the  Zoological  Laboratory,  Cambridge.) 

In  the  investigations  here  recorded,  which  are  concerned  almost 
exclusively  with  the  early  stages  of  development  of  the  nerves, 
chick  embryos,  incubated  by  the  hen,  and  of  ages  varying  from 
36  hours  to  4  days,  were  employed.  These  were  hardened  by 
immersion  in  picric  acid— prepared  after  Kleinenberg's  method— 
for  3  to  5  hours;  and  then  transferred  to  alcohol  of  about 
30  p.  c,  which  was  gradually  increased  in  strength  till  absolute. 
As  a  staining  agent  Eieinenberg's  preparation  of  hsematozylin 
was  used. 

Some  specimens  were  hardened  in  chromic  acid  in  the  usual 
manlier;  but  these  have  not  proved  nearly  so  satisfactory  as 
picric  acid  specimens,  and  have  only  been  used  to  confirm  and 
control  the  results  obtained  from  the  latter :  in  fact,  it  is  to  the 
use  of  picric  acid,  as  a  hardening  agent,  that  the  results  ob- 
tained are  believed  to  be  in  great  measure  dua  Very  good 
results  were  obtained  from  duck-embryos,  hardened  in  picric 
acid. 

My  observations,  though  I  believe  differing  widely  from  any 
previous  account  of  the  chick,  will  be  found  to  agree  remarkably 
closely  with  Balfour's  researches  on  the  mode  of  development  of 
the  nerves  in  Elasmobranchs'.  I  mention  this  at  once,  as  I  shall 
Jiave  occasion  to  refer  repeatedly  to  Balfour's  paper. 

Owing  to  the  absence  of  protovertebroB,  and  to  the  meso- 
blast  being  less  compact  in  the  head,  the  early  stages  of  develop- 
ment of  the  cranial  nerves  are  more  easily  studied  than  those 
of  the  spinal,  and  will  therefore  be  considered  first. 

Plate  XX.  fig.  I,  represents  a  transverse  section  through 

1  An  absiract  of  this  paper  was  read  before  the  Boyal  Society  on  Maroh  8th« 

•  Phil.  Trans.  VoL  clxti.  Pt.  1. 


492  MH  MABSHALL. 

Ihe  hind-brain  of  a  43  hours  chick.  The  exact  position  of  the 
section  can  be  defined,  since  it  passes  above  through  the  deepest 
portion  of  the  commencing  auditory  involution,  avd.;  "while 
below  it  passes  through  the  posterior  part  of  the  heart,  only  a 
short  distance  in  front  of  the  point  of  union  of  the  omphalo- 
meseraic  veins. 

The  external  epiblast,  ep.,  is  seen  to  be  very  thin  over  the 
summit  of  the  neural  canal,  whqre  it  consists  of  a  single  layer  of 
somewhat  flattened  cells.  Towards  the  sides  it  thickens  rapidly, 
and  is  pushed  in  slightly  from  the  exterior  so  as  to  form  on 
either  side  a  shallow  depression  lined  by  a  thick  layer  of  epi- 
blast, of  which  the  cells  are  elongated  vertically,  and  arranged 
in  one  layer  at  the  margin  of  the  depression,  but  towards  the 
centre  in  two  or  three  layers.  This  depression,  avd.^  is  the 
commencing  auditory  involution,  which  at  this  period  has  the 
form  of  a  wide  shallow  pit,  through  the  deepest  portion  of 
which,  as  noticed  above,  the  section  passes. 

This  layer  of  epiblast  is  seen  to  lie  in  close  contact  with  the 
walls  of  the  neural  canal  for  some  distance  on  either  side; 
while  between  the  top  of  the  neural  canal  and  the  epiblast 
there  is  a  considerable  interval. 

The  hind-brain  at  this  period  is  of  considerable  length,  and 
presents  three   or  more  dilatations  separated   by  slight  con« 
strictions.     The  section  figured  passes  through  the  second  of 
these  dilatations  a  little  way  behind  its  centre.     In  section  the 
brain  at  this  point  is  seen  to  be  nearly  circular  in  outline ;   and 
the  central  canaJ,  which  is  of  considerable  size,  is  also  approxi* 
mately  circular.     The  walls  of  the  canal  are  thicker  at  the  sides 
than  at  the  top  or  bottom,  and  consist  of  elongated  cells  ar- 
ranged radially,  and  placed  three  or  four  deep.     At  the  extreme 
summit  of  the  canal,  however,  the  cells  are  seen  to  alter  their 
shape,  becoming  slightly  smaller,  and  nearly  circular  in  outline. 
These  spherical  cells  grow  upwards,  and  spread  out  on  either 
side,  forming  a  mass,  m.,  which  occupies  the  interval  above 
alluded   to,  between  the  top  of  the  canal  and  the  external 
epiblast. 

This  mass  consists  throughout  of  cells  identical  with  those 
at  the  extreme  summit  of  the  cord,  and  differing  markedly  by 
their  smaller  size  and  more  sjpherical  shape  both  from  the  cells 
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composing  the  rest  of  the  brain-wall,  and  from  the  superficial 
epiblast-cells. 

As  is  evident  from  the  figure,  there  are  no  mesoblast-cells 
anywhere  near  from  which  the  mass  (m)  could  possibly  be  de- 
rived, owing  to  the  superficial  epiblast  being  in  contact  with 
the  sides  of  the  brain  for  a  considerable  distance  on  either  side. 
Moreover,  we  shall  see  that  the  cells  of  the  mass  differ  in 
appearance  very  much  from  mesoblast-cells ;  while,  finally,  an 
examination  of  sections  taken  in  parts  where  the  mass  (m)  is 
much  smaller,  demonstrates  conclusively  that  the  cells  com- 
posing it  do  really  arise  in  the  manner  described  above,  i.e.  as 
outgrowths  from  the  extreme  summit  of  the  neural  canal.  This 
outgrowth  forms  the  earliest  stage  in  the  development  of  the 
cranial  nerves;  and  the  stage  here  represented  may  well  be 
compared  with  Balfour's  figures,  op.  cit  PL  xvi.  B.  2  and  3. 

PL  XX.  fig.  2,  represents  a  section  from  the  same  embryo, 
taken  a  little  further  forward  than  fig.  1.  It  passes  through 
the  anterior  edge  of  the  auditory  depression,  which  is  hardly 
recognizable  in  the  section,  except  by  the  thickening  of  the 
epiblast  at  the  sides  of  the  neural  cdnal. 

The  mass  (m)  is  somewhat  larger  than  in  fig.  1,  and  has 
grown  outwards  so  as  to  form  on  either  side  an  oval  mass  which 
indents  the  upper  wall  of  the  hind-brain ;  this  indentation  is 
visible  in  fig.  1,  but  is  a  much  more  prominent  feature  in  fig.  2 ; 
it  has  the  effect  of  causing  the  general  contour  of  the  brain 
together  with  the  outgrowing  mass  to  appear  tolerably  uniform, 
so  that  in  imperfectly  preserved  specimens  the  presence  of  the 
outgrowth  might  easily  be  overlooked. 

The  outgrowths  (m)  are  still  connected  with  the  extreme 
summit  of  the  brain,  though  the  connection  is  somewhat  nar- 
rower than  in  the  preceding  stage.  The  outgrowths  of  the  two 
sides  are  manifestly  continuous  with  one  another  across  the 
top  of  the  neural  canal. 

The  cells  composing  the  outgrowths  have  not  altered  in 
appearance.  Owing  partly  to  their  increased  lateral  extension, 
and  partly  to  the  alteration  in  contour  of  the  external  epiblast^ 
due  to  the  slight  development  of  the  auditory  depression,  the 
outgrowths  lie  very  close  to  the  mesoblast.  It  is  now  seen  that 
the  mesoblast-cells  are  larger  than  the  cells  forming  the  out- 
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growths,  from  which  they  differ  also  in  heing  more  loosely  ar- 
ranged, very  irregular  in  shape  and  size,  and  in  almost  invariably 
giving  out  one  or  more  processes,  often  of  considerable  length. 

The  neural  canal  has  altered  its  shape :  instead  of  being 
circular  it  is  now  somewhat  oval,  with  the  long  diameter  ver- 
tical :  this  change  is  still  more  marked  in  the  next  figure. 

PL  XX.  fig.  3,  is  drawn  from  a  section  taken  a  very  short 
distance  in  front  of  that  represented  in  fig.  2,  only  two  thin 
sections  intervening.  In  it  the  outgrowths  (m)  have  become 
much  larger,  and  have  grown  downwards  considerably  on  either 
side.  Partly  in  consequence  of  this  downgrowth,  and  partly 
owing  to  the  external  epiblast  presenting  only  very  slight  lateral 
thickenings,  the  outgrowth  on  either  side  is  in  very  extensive 
contact  at  its  distal  end  with  the  mesoblafit-cells :  the  two  forms 
of  cells  are  seen  to  differ  widely  from  one  another  in  the  man- 
ner just  noticed. 

The  outgrowths  are  still  attached  to  the  brain  at  its  extreme 
summit  only^,  and  those  of  the  two  sides  are  still  widely  con- 
tinuous with  one  another  across  the  top  of  the  neural  canal. 

Some  of  the  cells  of  the  outgrowth  are  seen  to  have  altered 
their  shape  slightly,  becoming  oval  instead  of  circular  in 
outline. 

Between  figs.  1  and  2  four  sections  intervene,  all  showing 
the  outgrowth  (m),  which  is  found  to  increase  in  size  as  we 
pass  forwards  from  fig.  1  till  we  get  to  fig.  3,  where  it  attains 
its  maximum.  In  front  of  fig.  3  it  rapidly  gets  smaller  and 
almost  completely  disappears.  At  about  the  middle  of  the  most 
anterior  of  the  dilatations  presented  by  the  hind-brain,  the  out- 
growth again  becomes  prominent,  but  assumes  a  sUghtly  differ- 
ent form,  shown  in  PL  XX.  fig.  4.  In  this  figure  the  super- 
ficial epiblast  is  seen  to  be  very  thin  in  its  whole  extent,  but  is 
still  thinnest  over  the  summit  of  the  canaL  The  hind-brain 
{Jib)  is  considerably  larger  than  it  was  further  back :  the  out- 
growth of  spherical  cells  firom  its  summit  occurs  in  the  same 
manner  as  it  did  in  fig.  3  :  the  lateral  processes  (m)  are,  how- 
ever, much  more  slender,  and  have  grown  much  further  down 
than  in  fig.  3.    The  mesoblast-cells  present  the  same  characters 

1  The  morphological  importance  of  this  attachment  is  yery  clearly  stated  by 
Balfoor,  loe,  eit.  p.  191. 
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as  they  did  fuillier  back ;  but  have  grown  round  so  as  to  lie 
between  the  outgrowth  (m)  and  the  superficial  epiblast 

An  examination  of  the  sections  immediately  behind  that 
represented  in  fig.  1,  shows  that  the  outgrowth  (m)  gets  slightly 
smaller  at  firsts  then  begins  to  dilate  again,  getting  more  and 
more  prominent^  till  finally  it '  attains  the  form  shown  in 
PL  XX.  fig.  5.  This  section,  which  passes  below  through  the 
anterior  part  of  the  mid^gut,  is  completely  behind  the  auditory 
depression :  the  external  epiblast  is  seen  to  be  thin  in  its  whole 
extent,  but  especially  so  over  the  summit  of  the  neural  canal, 
which  is  oval  in  section  and  smaller  than  in  the  preceding 
figures.  The  outgrowth  (m)  is  very  prominent,  and  extends 
outwards  some  distance  on  either  side;  its  limits  are  very 
sharply  defined,  though  peripherally  it  is  in  extensive  contact 
with  the  surrounding  mesoblast-cells.  The  section  passes 
through  the  most  anterior  proto-vertebra ;  and  it  is  with  the 
part  of  the  muscle-plate  {mp)  nearest  the  neural  canal  that  the 
outgrowth  (m)  comes  in  contact.  The  cells  of  the  muscle-plate 
are  elongated  and  fusiform,  and  differ  widely  from  those  of  the 
outgrowth;  which  latter  has  a  tendency  to  grow  out  hori- 
zontally so  as  to  lie  between  the  muscle-plate  and  the  super^ 
ficial  epiblast. 

"We  thus  see  that  towards  the  latter  part  of  the  second  day 
the  cells  along  the  median  dorsal  line  of  the  hind-brain  become 
slightly  smaller  and  more  spherical  than  those  making  up  the 
rest  of  the  wall  of  the  neural  canal ;  and  that  these  spherical 
cells  grow  upwards,  so  as  to  form  a  prominent  outgrowth  im- 
mediately beneath  the  external  epiblast,  and  between  it  and 
the  top  of  the  brain.  Since  this  outgrowth  is  visible  in  some 
form  or  other  in  all  the  sections  taken  through  the  hind-brain, 
it  follows  that  it  is  a  continuous  growth,  in  the  form  of  a 
longitudinal  ridge  extending  the  whole  length  of  the  hind- 
brain.  This  ridge  is  more  prominent  at  the  posterior  part  of 
the  hind-brain  than  it  is  anteriorly,  where  it  gradually  decreases 
in  size  and  disappears  \     At  intervals  along  its  length  the  ridge 

^  I  have  not  always  been  able  to  detect  an  actual  ontgrowth  in  all  the  see- 
tions  between  the  points  indicated  by  Plate  zz.  figs.  8,  4;  as  the  brain  in  this 
situation  lies  exceedingly  close  to  the  external  epiblast.    The  cells  along  the 
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becomes  more  prominent,  growing  out  into  paired  lateral  pro- 
cesses. These  processes  are  found,  by  a  study  of  their  Later 
stages  of  development,  to  be  the  earliest  rudiments  of  the 
cranial  nerves. 

Of  those  already  described,  the  prominent  outgrowth  (m), 
seen  in  PI.  XX.  fig.  3,  is  the  commencement  of  the  facial  and 
auditory  nerves. 

The  outgrowth  shown  in  fig.  4  is  the  fifth  nerve;  which, 
though  longer  than  the  preceding,  is  at  this  period  much  more 
slender. 

Behind  the  ear  we  have  a  conspicuous  outgrowth  of  con- 
siderable length,  which  gradually  increases  in  prominence  firom 
before  backwards,  and  attains  its  maximum  in  PL  XX.  fig.  5. 
This  subsequently  gives  origin  to  the  glossopharyngeal  and 
vagus  nerves,  and  may  be  spoken  of  as  the  vagus- mass. 

The  sections  posterior  to  that  represented  in  fig.  5  show 
that  the  longitudinal  ridge  just  described  is  not  confined  to  the 
hind-brain,  but  extends  backwards  without  any  break  for  a 
certain  distance  down  the  spinal  cord.  As  was  the  case  in  the 
brain,  this  ridge  gives  off  at  intervals  paired  processes,  which 
grow  outwards  from  the  summit  of  the  cord.  These  intervals 
correspond  in  number  with  the  protovertebrae,  And  the  pro- 
cesses themselves  we  shall  find  develope  into  the  posterior 
roots  and  ganglia  of  the  spinal  nerves. 

PL  XX.  fig.  6,  represents  a  transverse  section  through  the 
posterior  part  of  the  most  anterior  protovertebra  of  the  same 
embiyo,  from  which  figs.  1 — 5  were  taken  ;  the  section  passing 
through  one  of  the  posterior  roots  (m).  The  external  epiblast 
(ep)  is  very  thin  :  the  spinal  cord  presents  in  section  a  charac- 
teristic oval  shape.  The  cells  at  the  top  of  the  cord  become,  as 
was  the  case  in  the  brain,  somewhat  smaller  and  more  spherical, 
and  grow  outwards  on  either  side  into  a  long  slender  process. 
Though  this  process  comes  in  contact  with  the  mesoblast-cells 
of  the  protovertebrae,  yet  its  outline  is  sharp  and  definite,  and 
there  is  at  this  stage  not  the  slightest  difficulty  in  determining 
the  limits  of  the  outgrowth,  or  whether  any  given  cell  belongs 
to  the  nerve-root  or  to  the  mesoblast. 

median  dorsal  line  Imve  however  the  characteristic  spherical  shape  in  all  the 
sections. 
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The  nerve-root  (m)  lies  on  either  side  close  beneath  the 
external  epiblast :  its  distal  end  lies  outside  the  muscle-plate, 
between  it  and  the  external  epiblast.  This  relation,  which  is 
shown  to  a  slighter  extent,  as  regards  the  vagus,  in  PL  XXi 
fig.  5,  is  a  characteristic  feature  of  the  upper  (cervical)  spinal 
nerves,  and  will  be  referred  to  again  further  on. 

It  is  also  seen  that  the  nerve-root  is  larger  on  one  side  than 
on  the  other ;  and  that  the  side  on  which  it  is  larger  is  that  on 
which  the  muscle-plate  is  less  developed.  The  section,  in  fact^ 
passes  on  the  left  side  through  the  hinder  part  of  the  muscle- 
plate,  but  on  the  right  side  passes  almost  exactly  through  the 
interval  between  the  first  and  second  protovertebraB.  Horizontal 
sections  also  show  that  the  posterior  roots  do  not  lie  opposite 
the  centres  of  the  protovertebrse,  but  are  at  first  situated  oppo- 
site their  posterior  halves ;  while  in  the  case  of  a  few  of  the 
upper  (cervical)  spinal  nerves  they  extend  further  back,  so  as  to 
overlap  the  anterior  parts  of  the  succeeding  protovertebrae.  The 
length  of  attachment  to  the  cord  of  the  posterior  root  of  each 
spinal  nerve  is  at  first  equal  to  about  half  a  protovertebra. 

The  development  of  the  posterior  roots  of  the  spinal  nerves 
in  the  hinder  part  of  the  body  resembles  that  just  described  as 
occurring  in  the  anterior  portion  in  its  more  important  points, 
but  presents  some  minor  differences.  The  nerve  rudiments  are 
from  the  first  much  more  slender  than  is  the  case  further  for- 
wards. The  spinal  cord  lies  very  close  underneath  the  super- 
ficial epiblast,  and,  though  the  cells  at  the  summit  of  the  cord 
are  always  more  spherical  than  the  rest,  I  have  not  been  able 
to  satisfy  myself  of  the  presence  of  a  continuous  outgrowth,  but 
am  inclined  to  think  that  the  nerves  arise  in  pairs  direct  from 
the  cord  itself.  The  longitudinal  extent  of  the  attachments  of 
the  roots  to  the  cord  also  seems  to  be  less  in  the  posterior 
spinal  nerves. 

PI.  XX.  fig.  7,  represents  a  transverse  section  through  the 
dorsal  region  of  a  3-day  chick,  and  illustrates  the  next  stage  in 
the  development  of  the  posterior  spinal  roots.  The  spinal  cord 
has,  relatively  to  the  muscle-plates,  grown  considerably,  both 
laterally  and  vertically  :  owing  to  the  vertical  increase — which 
gives  rise  to  a  broad  ridge  along  the  back  of  the  embryo — the 
position  of  the  posterior  roots  has  somewhat  altered  ;  instead  of 
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projecting  out  laterally  as  they  did  in  fig.  6,  they  now  lie 
against  the  sides  of  the  spinal  cord :  owing  to  this  change  in 
position  their  tendency  to  run  outside  the  muscle-plates,  noticed 
in  the  earlier  stages,  no  longer  exists.  The  nerve-roots  are  also 
seen  to  be  much  smaller  relatively  to  the  cord  than  in  their 
earlier  stages,  which  would  obviously  facilitate  the  change  in 
their  position. 

Though  unequal  growth  of  the  surrounding  parts  may  pos- 
sibly be  sufficient  to  account  for  the  change  of  position  of  the 
spinal  nerves,  I  cannot  regard  it  as  satisfactory  so  far  as  the 
vagus  is  concerned,  for,  in  one  series  of  specimens,  sections 
taken  in  the  same  position  as  that  represented  in  PI.  XX. 
fig.  5,  but  at  a  rather  later  date,  show  that  the  tendency  of  the 
vagus  to  pass  outside  the  muscle-plates  is  so  decided  that,  in 
order  to  enable  the  nerve  to  subsequently  pass  inside  the 
muscle-plate,  some  further  explanation  than  a  simple  change 
in  the  relative  rates  of  growth  of  different  parts  seems  neces- 
sary: unless,  indeed — and  some  of  my  specimens  point  very 
strongly  to  this  conclusion — ^a  part,  at  least,  of  the  nerve  re- 
mains permanently  outside  the  muscle-plate,  and  just  beneath 
the  external  epiblast. 

The  small  size  of  the  roots,  (m)  fig.  7,  relatively  to  the  spinal 
cord,  is  worth  notice,  as  it  shows  that  at  this  period  the  nerves 
grow  relatively  more  slowly  than  the  cord. 

Another  important  feature  is  the  point  of  attcu^hment  of  the 
roots  to  the  cord :  this  is  no  longer  to  the  extreme  summit,  but 
to  the  angle  between  the  top  and  sides  of  the  cord;  so  that 
there  is,  at  this  stage,  no  evident  outgrowth  of  cells  from  the 
summit  of  the  cord.  Later  on  we  shall  find  the  attachment 
shifting  still  further  down  the  sides.  The  manner  in  which 
this  change  of  attachment  occurs  is  a  matter  of  some  uncer- 
tainty ;  but  as  far  as  the  present  stage  is  concerned,  I  am  con- 
vinced that  the  explanation  first  proposed  by  Balfour^  is  correct, 
viz.,  that  the  shifting  is  apparent  rather  than  real ;  and  is  due 
to  rapid  growth  of  the  cells  of  the  top  of  the  cord,  which  would 
have  the  effect  of  separating  the  roots,  and,  as  it  were,  forcing 
them  further  apart. 

1  Loc.  cit.  p.  1S2. 
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The  last  point  to  be  noticed  in  iig.  7  is  the  appearance  of  a 
certain  number  of  detached  mesoblast-cells  at  the  summit  of 
the  muscle-plate,  and  lying  outside  the  nerve-root:  these  are 
shown  on  the  right  side  only  of  the  section :  in  appearance  they 
do  not  differ  much  fix)m  the  cells  composing  the  nerve-root, 
from  which  however  they  may  be  distinguished  by  their  more 
irregular  shape,  by  their  tendency  to  give  out  processes,  and 
by  their  staining  less  deeply  with  hematoxylin. 

The  next  stage  is  represented  in  PI.  xx.  fig.  8,  drawn  from 
a  section  through  the  posterior  dorsal  region  of  a  4.day  chick 
embryo.  It  differs  from  fig.  7  in  several  points,  the  more  im- 
portant of  which  are  the  following : — ^The  slope  of  the  back, 
due  mainly  to  vertical  increase  of  the  spinal  cord,  is  rather 
steeper.  The  posterior  roots  (m)  are  considerably  larger,  and 
have  grown  down  on  each  side  in  close  contact  with  the  spinal 
cord,  between  it  and  the  muscle-plates.  The  point  of  attach- 
ment of  the  roots  is  difficult  to  determine  accurately;  their 
upper  or  proximal  parts  are  very  slender,  and  in  ma^y  cases  it 
is  impossible  to  trace  any  connection  between  them  and  the 
cord,  against  which  they  lie.  The  distal  part  of  the  nerve 
swells  out  considerably,  forming  an  oval  enlargement — the 
spinal  ganglion  {g).  The  section  also  shows  that  the  ganglia  do 
not  lie  opposite  the  centres  of  the  muscle-plates,  but  almost 
opposite  the  intervals  between  successive  pairs. 

Another  important  point  is  the  comparative  difficulty  now 
met  with  in  distinguishing  between  the  cells  of  the  nerve-root 
and  the  adjacent  mesoblast-cells.  Many  of  the  cells  of  the 
nerve  and  ganglion  are  no  longer  spherical,  but  more  or  less 
elongated;  while  the  mesoblast-cells  are  slightly  smaller,  and 
much  more  closely  packed  together  than  they  were  at  first; 
while  many  of  them  no  longer  give  out  processes,  but  are  sphe- 
rical or  fusiform  in  shape,  and  almost  indistinguishable  from 
some  of  the  cells  of  the  nerve-root.  The  mesoblast-cells  have 
also  grown  all  round  the  top  of  the  spinal  cord,  forming  a  dis^ 
tinct  layer  between  it  and  the  external  epiblast ;  while  some  of 
them  have  grown  in  between  the  sides  of  the  spinal  cord  and 
the  nerve-roots.  Consequently,  while  the  limits  of  the  nerve- 
roots  were  perfectly  easy  to  define  in  the  early  stages,  even 
when  there  was  extensive  contact  between  them  and  the  meso- 
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blast-cells;  in  the  later  stages  the  exact  limits  become  very 
difficult,  or  even  impossible,  to  fix,  and  certain  cells  near  the 
periphery  of  the  nerve-root,  especially  those  near  its  distal  end, 
might  be  epiblast-cells  belonging  to  the  root,  or  mesoblast-oelk 
It  follows  therefore  that  while  it  appeared  certain  that  the 
growth  of  the  nerve  in  its  earlier  stages  was  effected  by  multi- 
plication of  the  cells  of  the  original  outgrowth,  and  conse- 
quently of  epiblastic  origin  ;  in  the  later  stages  it  is  impossiUe 
to  determine  whether  the  nerve  can  still  be  described  as  a 
structure  of  purely  epiblastic  origin,  or  whether  its  growth  is 
due  in  part  to  conversion  of  the  adjacent  mesoblast-cells. 

With  the  structure  of  the  spinal  cord  we  are  not  directly 
concerned,  but  the  presence  of  large  numbers  of  spherical,  or 
nearly  spherical,  cells  in  its  substance  is  shown  in  the  figure. 


To  recapitulate.  The  longitudinal  ridge  described  in  the 
hind-brain,  as  formed  by  an  outgrowth  of  cells  from  the  ex- 
treme summit  of  the  neural  canal,  is  continued  down  the 
spinal  cord  for  a  certain  distance,  but  becomes  inconspicuous 
in  the  hinder  part  of  the  body,  where  its  presence  has  not  been 
definitely  ascertained.  We  find  further  that  this  ridge  gives 
off  paired  processes  opposite  the  posterior  half  of  each  proto- 
vertebra,  these  processes  being  the  rudiments  of  the  posterior 
roots  of  the  spinal  nerves :  that  these  processes  at  first  grow 
outwards  just  beneath  the  external  epiblast ;  but  subsequently, 
owing  to  changes  in  the  shape  of  the  embryo  caused  by  un- 
equal growth  of  different  parts,  alter  their  direction  somewhat, 
and  pass  downwards  between  the  muscle-plates  and  the  spinal 
cord :  that  the  proximal  portion  of  each  process  becomes  more 
slender,  and  that  its  point  of  attachment  to  the  cord  shifts 
outwards  somewhat:  that  the  distal  portion  of  the  process 
enlarges  considerably,  and  becomes  a  spinal  ganglion :  finally, 
that  these  processes  originally  consist  throughout  of  spherical 
nucleated  cells,  differing  widely  in  appearance  from  the  adja- 
cent mesoblast-cells ;  but  that,  in  the  course  of  development, 
many  of  these  cells  become  elongated  and  fibrillar,  and  that 
the  distinction  between  the  cells  of  the  nerve  and  the  meso- 
blast-cells becomes  much  less  evident. 


DEVELOPMENT  DP  THE  NERVES  IN  BIRDS.  ^Ol 

Hitherto  all  accounts  of  the  development  of  the  nerves  in 
the  chick,  with  the  single  exception  of  that  given  by  His, 
agree  in  stating  that  the  nerves,  both  cranial  and  spinal,  arise 
in  the  mesoblast,  and  acquire  their  connection  with  the  neural 
canal  by  a  subsequent  growth  inwards  \ 

His  however  has  given  a  very  different  account*,  which  may 

be  briefly  summarized  thus : — according  to  him  the  first  stage  in 

the  development  of  the  posterior  roots  consists  in  the  appearance 

of  downgrowths  of  the  external  epiblast  on  either  side  of  the 

Bummit  of  the    spinal    cord :    these   downgrowths    are  more 

strongly  marked  at  intervals  corresponding  in  number  to  the 

muscle^plates :  they  then  separate  from  the  external  epiblast 

and  form  groups  of  cells,  triangular  in  transverse  section,  situ-^ 

ated  between  the  spinal  cord  on  the  inner  side,  the  proto- 

vertebra  on  the  outer  side,  and  the  external  epiblast  above. 

These  groups  of  cells  develope  into  the  spinal  ganglia :  they  de« 

velope  processes  inwards  to  join  the  spinal  cord,  and  outwards 

to  form  the  part  of  the  nerves  beyond  the  ganglia. 

The  above  description  agrees  with  mine,  and  differs  from 
the  usual  accounts  (1)  in  assigning  an  epiblastic  instead- of  a 
inesoblastic  origin  to  the  nerves :  (2)  in  describing  the  nerves  of 
the  body  as  arising  perfectly  independently  of  the  protover- 
tebrsd,  instead  of  from  parts  of  them.  We  also  agree  in  de-» 
scribing  the  cranial  nerves  as  arising  in  the  same  manner  as  the 
posterior  roots  of  the  spinal  nerves. 

My  observations  however  lead  me  to  differ  from  His  on  the 
following  points: — (1)  I  find  the  nerves  arise  as  outgrowths 
from  the  neural  canal  instead  of  from  the  external  epiblast ; 
(2)  I  do  not  find  the  ganglion  to  be  the  first  part  developed. 
Other  differences,  such  as  the  development  of  the  continuous 
longitudinal  ridge,  of  which  His  omits  all  notice,  readily  suggest 
themselves :  but  the  two  just  mentioned  seem  to  me  to  be  the 
most  fundamental. 

I  have  found  that  opposite  the  centre  of  each  protovertebra 
the  external  epiblast  does  really  grow  downwards  as  a  conical 
process  on  either  side  of,  and  in  close  contact  with,  the  neural 
canal.     From  comparison  with   His'  figures  and   descriptions, 

1  Foster  and  Balfour,  ElemenU  of  Embryology,  Pt.  i.  pp.  151,  152. 
>  Die  enU  Anlage  des  WirbelthierUihet,    Leipzig,  1868. 
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there  is  no  doubt  that  these  processes  are  the  same  that  he  de- 
scribes: they  are  well  marked  in  the  body,  especially  in  its 
hinder  part,  but  are  only  very  slightly  developed  in  the  head : 
they  are  of  very  slight  longitudinal  extent,  and  differ  widely  in 
appearance  from  the  nerve-roots,  with  which  I  am  perfectly 
satisfied  they  have  no  connection  whatever,  except  that  of 
simple  apposition. 

HiB  gives  several  figures  showing  different  stages  in  the 
development  of  the  nerves,  both  cranial  and  spinal  From  a 
careful  examination  of  these  figures  and  the  descriptions  given 
by  His  and  by  comparing  them  with  my  own  specimens,  I  am 
convinced  that  His  really  saw  the  early  stages  of  development, 
but  was  led  into  error  as  to  their  nature  by  impeifectly  pre- 
pared spedmens,  He  makes  no  attempt  to  represent  the  histo- 
logical details  of  his  sections,  which  we  have  seen  to  be  of  great 
importance  in  studying  the  early  stages. 

His  figures  two  sections^  through  the  hind-brain  of  a 
38-hours  chick,  in  both  of  which  there  is  a  large  mass  of  cells 
on  the  summit  of  the  brain  between  it  and  the  external  epi- 
Uast.  The  figures,  it  is  true,  show  no  connection  between  this 
mass  and  the  brain,  but  neither  do  they  show  any  between  the 
mass  and  the  external  epiblast  The  mass  in  fig.  3  corresponds 
exceedingly  closely  in  appearance  and  position  with  the  out- 
growth (m),  fig.  3,  PL  XX,  and  is  unquestionably  the  same 
structure.  The  mass  in  the  other  section,  which  is  described  as 
passing  through  the  mid-brain,  but  which  I  believe  to  pass 
through  the  anterior  part  of  the  hind-brain,  is  somewhat 
smaller,  and  closely  resembles  that  which  I  have  figured  in 
PL  XX.  fig.  1, 

Though  therefore  I  differ  from  His  on  several  fundamental 
points^  I  can  appeal  confidently  to  these  two  figures  as  con- 
firming my  statements,  as  far  as  the  position  and  general 
appearance  of  the  outgrowths  are  concerned,  at  the  period 
mentioned. 

His  commenced  by  studying  the  spinal  nerves,  where  he  was 
misled  by  the  downgrowths  of  the  external  epiblast.  Had  he 
commenced  with  the  cranial  nerves  he  could  hardly  have  fidlen 

1  Op.  cit.  Taf.  vn.  fig.  2,  S. 
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into  this  mistakei  as,  according  to  his  own  figures,  the  down- 
growths  of  epiblast  in  the  head  are  very  slightly  developed. 

It  is  important  to  notice  that  His  suggests  that  the  portion 
of  nerve  connecting  the  spinal  ganglion  (which  he  wrongly  sup- 
poses to  be  the  earliest  developed  part  of  the  nerve)  with  the 
cord  may  possibly  be  an  outgrowth  from  the  cord,  and  not  from 
the  ganglion :  he  decides  however  in  &vour  of  the  latter  view. 

Though  the  results  of  my  observations  thus  differ  widely 
from  any  previously  published  account  of  the  chick  with  which 
I  am  acquainted,  they  will  be  found  to  agree  remarkably  closely 
with  the  account  given  by  Balfour'  of  the  development  of  the 
nerves  in  Elasmobranchs,  which  they  serve  to  confirm  in  several 
of  the  most  important  points.  This  agreement  refers  not  only 
to  the  general  features,  but  even  to  the  minute  histological 
details.  I  have  already  had  occasion  to  notice  some  of  the 
points  of  this  agreement :  but  in  order  to  appreciate  it  fully, 
it  is  necessary  to  compare  his  figures  and  descriptions  with  those 
given  here.  Since  an  account  of  Balfour^s  researches,  which 
have  been  extended  considerably  since  the  publication  of  the 
paper  above  referred  to,  appears  in  the  present  number  of  this 
Journal,  I  may  refer  the  reader  to  his  own  paper  for  the  de- 
tailed description. 

Hensen'  has  described  and  figured  the  posterior  roots  of 
the  spinal  nerves  as  arising  in  the  rabbit  as  direct  outgrowths 
from  the  summit  of  the  spinal  cord:  his  figures  correspond 
fiEiirly  closely  with  that  given  in  Plate  XX.  fig.  7.  As  regards 
the  chick  however,  his  own  observations,  strangely  enough,  lead 
him  to  adopt  the  same  view  as  His,  viz.  that  they  are  developed 
from  the  deeper  layer  of  the  external  epiblast. 

A  mode  of  development  of  the  nerves  that  is  common  to 
a  group  of  vertebrates  with  very  generalized  affinities,  Elasmo- 
branchs  (Balfour),  and  to  two  highly  specialized  groups.  Mam- 
mals (Hensen)  and  Birds,  may  fairly  be  assumed  to  be  typical 
df  the  sub-kingdom,  and  will  probably  prove  to  be  the  actual 
mode  of  development  in  other  vertebrate  groups  besides  those 
mentioned  ^ 

*  Op.  eit. 

*  Zeitsehriftf,  Anatomie  u.  Enttpickelungsgeiehichtei  1876.    Bd.  1. 

'  Sinee  writing  the  above  I  have  satisfied  myself  that  the  description  jnst 
given  of  the  deyelopment  of  the  nerves  in  the  chick  will  apply  also  to  the  cranial 
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I  have  not  yet  determined  the  exact  date  of  the  e&iiiefit  ap- 
pearance of  the  nerves:  in  a  chick  of  43  hoars  we  have  aeen 
the  rudiments  of  the  most  important  cranial  nerves  abready 
established,  as  well  as  the  posterior  roots  of  the  first  six  or  more 
spinal  nervea  I  have  not  yet  made  satisfactory  preparations  of 
younger  specimens  showing  the  nerves,  but  judging  from  the 
rate  of  growth  afterwards,  we  cannot  be  iar  wrong  in  assigning 
a  period  a  little  before  the  middle  of  the  second  day  as  the  time 
of  the  first  appearance  of  the  nerve-rudiments. 

The  spinal  nerves  are  developed  in  succession  from  before 
backwards :  while,  judging  from  the  figures  given  by  B[is«  the 
cranial  nerves  appear  first  of  all 

« 

The  anterior  roots  of  the  spinal  nerves  are  not  easy  to  in- 
vestigate. My  observations  on  their  development  are  not  so 
complete  as  I  could  wish,  but^  as  fiir  as  they  go,  accord  fairly 
well  with  those  of  Balfour  on  the  Elasmobranchs. 

They  appear  later  than  the  posterior  roots,  a  fact  recognized 
by  His,  arising  as  outgrowths  from  the  lower  part  of  the  sides 
of  the  spinal  cord. 

In  Plate  XX.  fig.  8,  it  will  be  noticed  that  the  superficial 
cells  of  the  lower  part  of  the  cord  conveige  slightly  towards  a 
poini  (a) ;  this  is  the  spot  at  which  the  anterior  root  will  shortly 
be  developed ;  and  this  cohveigence  is  usually  recognizable  a 
short  time  before  the  actual  appearance  of  the  root. 

The  next  stage  is  shown  in  Plate  xxL  fig.  10,  a  transverse 
section  through  the  cervical  region  of  a  4-day  duck  embryo, 
which  shows  the  anterior  roots  as  small  processes  projecting 
outwards  from  the  spinal  cord.  The  section  is  taken  only  a 
short  distance  behind  the  head,  a  region  in  which,  owing  to  the 
mesoblast  being  less  dense  than  it  is  further  back,  the  early 
condition  of  the  nerves  is  comparatively  easy  to  study.  Fur- 
ther back  the  mesoblast  is  very  compact,  vide  Plate  XX.  fig.  8, 
and  the  anterior  roots  difficult  to  recogniee,  especially  when 

small* 

The  outgrowth  to  form  the  anterior  root  (a)  is  voiy  slender 

nervee  of  the  Tadpole;  and,  I  haye  strong  reasons  for  adding,  to  the  nerves, 
both  cranial  and  spinal,  of  the  Salmon.  My  observations  in  Salmon-embijos 
are,  however,  very  imperfect  as  yet. 
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at  its  origin,  and  is  at  first  directed  outwards  and  somewhat 
upwards:  it  then  turns  downwards  at  an  open  angle,  at  the 
same  time  enlarging  somewhat,  though  still  remaining  much 
more  slender  than  the  posterior  root.  It  consists  from  the  first 
of  elongated  fusiform  oelb,  except  at  the  attachment  to  the 
cord,  where  some  of  the  cells  are  small  and  spherical 

Horizontal  sections  show  that  each  anterior  root  at  a  very 
eariy  stage  consists  of  a  series  of  small  outgrowths  placed  one  in 
front  of  another  and  converging  slightly  as  they  pass  outwards 
into  the  mesoblast  Each  anterior  root  has,  about  the  75th 
hour,  a  longitudinal  extension  equal  to  about  half  a  protoverte- 
bra,  opposite  the  anterior  half  of  which  it  is  at  first  situated ; 
the  posterior  roots  being  at  this  period  about  opposite  the 
intervals  between  successive  protovertebrsB.  I  have  not  been 
able  to  determine  whether  each  anterior  root  arises  originally 
as  a  single  outgrowth,  or  whether  it  consisbi  from  the  first  of  a 
series  of  outgrowths.  These  stages  are  difficult  to  investigate 
owing  to  the  exceedingly  slender  attachment  of  the  anterior 
roots  to  the  spinal  cord.  The  origin  of  the  anterior  roots  by 
several  processes  is  a  point  in  which  the  chick  differs  from 
Elasmobranchs. 

In  Plate  xxi.  fig.  10,  the  posterior  roots  (p)  are  seen  in  section, 
but  not  their  points  of  attachment  to  the  cord. 

The  last  stage  with  regard  to  the  spinal  nerves  which 
I  propose  to  consider  in  the  present  paper  is  shown  in  Plate  XXL 
fig.  9,  which  represents  a  transverse  section  through  the  an- 
terior dorsal  region  of  a  75-hour  chick,  passing  through  both 
anterior  and  posterior  roots.  The  anterior  have  grown  out  to 
meet  the  posterior  roots  and  so  form  the  spinal  nerves,  which 
run  downwards  on  the  inner  side  of  the  muscle-plate. 

The  posterior  root  is  seen  to  be  attached  on  the  left  side 
by  a  small  pedicle  to  the  upper  part  of  the  side  of  the  cord : 
on  the  right  side  the  section  has  just  missed  the  point  of  at- 
tachment. It  will  be  noticed  that  this  point  of  attachment 
of  the  posterior  root  is  considerably  lower  than  it  was  in 
Plate  XX.  figs.  7  and  8 :  a  more  important  difference  is  that 
the  nerve-root  is  no  longer  attached  by  its  extremity  to  the 
cord,  but  forms  a  considerable  swelling  above  this  point  of 
attachment. 
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We  have  already  seen  a  tendency  on  the  part  of  the  roots 
to  shift  their  attachments  outwards:  this  is  shown  in  fig.  7, 
and  has  been  explained  as  due  to  rapid  growth  of  the  cells 
at  the  sonunit  of  the  cord.  This  shifting  may  have  increased 
so  much  as  to  cause  the  marked  change  in  position  seen  in 
fig.  9 ;  in  which  case  the  growth  upwards  of  the  nerve  above 
the  root  would  be  a  secondary  change. 

Another  possible  explanation  is  that  the  ori^al  attach- 
ment to  the  top  of  the  cord  has  been  completely  lost,  and  a 
new  one  developed  in  the  situation  of  the  permanent  posterior 
root:  in  this  case  the  outgrowth  above  the  point  of  attach- 
ment would  simply  be  the  remnant  of  the  original  root. 

My  preparations  have  not  enabled  me  as  yet  to  determine 
with  certainty  which  of  these  explanations  is  the  correct  <me ; 
but  the  following  facts  seem  to  speak  strongly  in  &vour  of  the 
latter  one.    During  the  stage  represented  in  fig.  8,  it  ia  ex- 
ceedingly difficult  to  determine  whether  the  posterior  root  is 
still  attached  to  the  cord  or  not ;  and  it  is  only  in  occasional 
sections  that  I  have  been  able  to  trace  the  connection.     When 
the  connection  was  demonstrated^  it  was,  as  shown  in  fig.  8i, 
exceedingly  slender.    I  have  never  observed  specimens  in  which 
the  nerve  was  attached  at  a  point  lower  than  that  shown  in 
fig.  7 J  yet  above  that  in  fig.  8.    The  outgrowth  above  the  point 
of  attachment  rapidly  becomes  smaller^  and  is  lost  in  specimens 
but  little  older  than  that  in  fig.  9:  this  transitory  nature  is 
readily  comprehensible  on  the  one  hypothesis^  but  a  serious 
difficulty  on  the  other ;  as  it  would  be  very  hard  to  understand 
why  such  an  outgrowth  should  arise  at  such  a  stage  in  de- 
velopment, and  disappear  again  so  rapidly.     The  general  lines 
of  direction  of  the  cells  composing  the  cord,  which  are  indicated 
in  fig.  9,  strongly  favour  the  view  that  the  permanent  attach- 
ment is  a  secondary  one,  and  not  the  original  one  altered 
in  position ;  while  at  the  same  time  they  favour  the  view  which 
regards  the  outgrowth  above  the  point  of  attachment  as  a 
remnant  of  the  primary  root.     Lastly,  the  cells  composing  this 
projection  differ  from  the  cells  of  which  the  rest  of  the  root 
consists  in  being  spherical  or  nearly  so,  while  the  rest  of  the 
root  is  made  up  of  considerably  elongated  cells.    This  rounder 
form  causes  them  to  resemble  the  cells  of  the  original  out- 
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growth.    However,  as  I  have  not  yet  traced  all  the  stages 
I  cannot  consider  the  point  as  settled. 

The  outgrowth  in  question  has  been  observed  in  Elasmo- 
branchs  by  Balfour^  who  describes  it  thus^ :  '*  the  proximal 
portion  (of  the  nerve-rudiment)  presents  a  fairly  uniform 
diameter,  and  ends  dorsally  in  a  rounded  expansion :  it  is  at- 
tached remarkably  enough,  not  by  its  extremity,  but  by  its 
side,  to  the  spinal  cord."  He  however  does  not  adopt  the 
suggestion  here  made  as  to  its  origin  and  meanings  but  con- 
siders it  to  be  part  of  a  dorsal  longitudinal  commissure  he  has 
detected  connecting  the  posterior  spinal  roots  together.  I  have 
failed  to  detect  this  commissure  in  the  chick.  Balfour^s  figures 
H.  1.  and  I.  1.  correspond  closely,  as  far  as  this  outgrowth  is 
concerned,  with  Fl.  XXI.  fig.  9. 

The  ganglion  {g)  is  but  slightly  developed  at  this  stage. 
The  attachment  of  the  anterior  root  to  the  cord  is  seen  to  be 
still  very  slender :  the  convergence  of  the  cells  of  the  cord  to 
this  point — indicated  in  the  figure  by  the  lines  on  the  cord — is 
very  well  marked.  Outside  the  cord  the  anterior  root  first 
passes  outwards  and  upwards  for  a  very  short  distance,  dilatmg 
as  it  does  so ;  it  then  bends  rather  sharply  downwards,  and, 
becoming  considerably  thicker,  joins  the  posterior  root  and 
runs  down  on  its  inner  side.  The  two  roots  can  be  readily 
distinguished  from  one  another  owing  to  the  cells  of  the  anterior 
root  being  very  much  more  elongated  than  those  of  the  pos- 
terior. The  two  roots  run  side  by  side  for  a  short  distance 
without  blending,  but  further  on  become  completely  fused. 

My  study  of  the  cranial  nerves  has  been  confined  as  yet 
entirely  to  the  earlier  stages ;  and  even  with  regard  to  them 
my  observations  are  very  firagmentary  and  imperfect  Still 
some  points  of  interest  have  presented  themselves,  to  which  I 
shall  refer  briefly. 

We  have  seen  that,  towards  the  end  of  the  second  day, 
there  is  behind  the  auditory  pit  a  continuous  outgrowth  from 
the  summit  of  the  hind-brain,  of  considerable  longitudinal  ex- 
tent.   This  outgrowth  is  connected — by  means  of  the  longi- 

^  Op.  cit.  p.  186. 
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tudinal  ridge  so  often  alluded  to — anteriorly  with  tbsit  from 
which  the  7th  and  8th  nerves  are  derived,  and  posteriorly  witli 
that  which  gives  origin  to  the  posterior  roots  of  the  first  pair  of 
spinal  nerves. .  From  it  the  vagus  and  glossopharyngeal  nerv^ 
are  derived. 

Though  I  have  not  worked  out  the  later  stages  satis&ctorily, 
the  following  points  suggest  themselves  as  worthy  of  notice. 
Firstly,  the  marked  tendency  of  the  vagus  outgrowth  to  paas 
outside  the  muscle-plate  between  it  and  the  superficial  epi- 
blast :  this  has  been  already  noticed.  Secondly,  the  fact  that 
transverse  sections  through  the  hinder  part  of  the  vagus  out- 
growth pass  also  through  the  first  protovertebra,  vide  fig.  5 : 
in  other  words,  that  the  vagus  outgrowth,  which  is  of  consider- 
able longitudinal  extent,  reaches  backwards  so  as  to  overlap  the 
anterior  half  of  the  fii-st  protovertebra.  Thirdly,  I  would  note 
as  a  point  of  some  morphological  interest  the  fact  that  the 
glossopharyngeal  and  the  whole  of  the  vagus  f^ise  at  first  as  a 
single  continuoiLs  outgrowtk^y  from  the  distal  edge  of  which  the 
several  branches  are  subsequently  derived.  If  then  the  va^^ 
is  to  be  considered  as  equivalent  to  a  number  of  spinal  nerves 
fused  together — ^a  view^in  favour  of  which  there  is  a  consider- 
able amount  of  evidence — this  earliest  condition  of  the  vagus 
outgrowth  may  prove  to  be  Sh  indication  that  the  fusion  first 
occurred  at  a  very  early  period  in  the  phylogeny  of  the  chick, 
and  possibly  in  that  of  other  vertebrates  also. 

I  have  no  observations  on  the  development  of  the  spinal 
accessory  and  hypoglossal  nerves ;  but  the  backward  extension 
of  the  vagus  outgrowth  over  the  anterior  protovertebra  may 
help  to  render  it  intelligible  how  one  or  other  of  these  nerves 
may  appear  in  one  group  of  vertebrates  to  be  cranial,  in  another 
spinal 

PL  XXI.  fig.  12,  represents  a  longitudinal  section  through  the 
head  and  neck  of  a  4-day  duck  embryo ;  passing  through  the 
mid-brain  (m&),  hind-brain  (A&),  and  anterior  part  of  the  spinal 
cord  («).  The  section  is  slightly  oblique,  passing  rather  deeper 
on  the  left  than  the  right  side.  On  the  right  side  one  of  the 
branches  {v)  of  the  vagus-outgrowth  is  seen  cut  transversely;  on 
the  left  side  at  (y*)  the  section  passes  through  the  point  of  origin 

^  Vide  also  Foster  and  Balfour,  EUments  of  Embryology,  Part  x.  p.  138. 
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of  the  vagttB  outgrowth :  at  (v)  on  the  same  side  a  part  of  the 
vagus  is  seen  in  the  fonn  of  a  longitudinal  rod ;  hut  whether 
this  corresponds  to  the  commissure  descrihed  hy  Balfotpr^  as 
connecting  all  the  roots  of  the  vagus  in  Elasmohranchs,  I  have 
not  determined.  At  p.  are  seen  sections  of  the  posterior  roots  of 
a  spinal  nerve. 

Immediately  in  front  of  the  auditory  involution  a  single 
large  root  arises  on  each  side»  from  which  both  the  auditory 
and  facial  nerves  are  derived.  This  is  represented  in  trans- 
verse section  in  PL  zx.  fig.  3 ;  and  in  horizontal  section  in 
PL  XXL  fig.  11,  which  is  a  horizontal  section  through  the  neck 
and  hind-brain  of  a  75-hours  chick.  A  large  nerve,  (6)  fig.  11, 
is  seen  arising  on  each  side  from  the  second  of  the  dilatations 
of  which  the  hind-brain  consists:  it  runs  backwards  and  ex* 
pands  considerably,  forming  a  large  mass  closely  applied  to  the 
anterior  wall  of  the  auditory  vesicle  {avd). 

In  PL  XXI.  fig.  12,  the  facial  nerve  (/) — which  is  derived 
from  the  anterior  part  of  the  outgrowth  common  to  it  and  the 
auditory  nerve — ^is  seen  passing  down  in  front  of  the  auditory 
vesicle,  from  which  it  is  quite  distinct..  On  the  right  side  of 
the  section,  which,  as  just  noticed,  is  at  a  deeper  level  than  the 
left,  and  passes  below  the  auditory  vesicle,  the  facial  nerve  (/)  is 
still  seen,  but  lies  somewhat  further  back  than  it  did  on  the 
left  side,  showing  that  it  grows  at  first  downwards  and  slightly 
backwards. 

The  5th  nerve  has  already  been  seen  in  transverse  section 
in  PL  XX.  fig.  4,  arising  sifi  an  outgrowth  of  very  slight  vertical 
thickness  from  the  summit  of  the  anterior  dilatation  of  the 
hind-brain.  In  PL  xxi.  fig.  12  ^,  it  is  shown  in  horizontal  section 
at  a  somewhat  later  stage. 

The  root  is  seen  to  have  a  considerable  longitudinal  exten- 
sion now ;  and  transverse  sections  at  this  period  show  that  the 
vertical  extension  has  also  increased.  The  point  of  attachment 
has  shifted  down  from  the  extreme  summit  of  the  brain,  and  is 
situated  some  distance  lower  down.  The  nerve  runs  outwards, 
increasing  considerably  in  width,  and  divides  distally  into  two 
branches,  an  anterior  smaller  and  a  posterior  larger  one.    These 

^  A  Preliminary  acooont  of  the  Deyelopment  of  Blasmobrauch  Fishes.  Quart. 
Joum,  Microi.  Science,  1874.    Plate  xv.  fig.  14.  v.g. 
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two  branches  I  have  been  able  to  identify  with  the  two  de- 
scribed by  Foster  and  Balfour  as  existing  at  the  end  of  the 
third  day\  Though  the  5th  nerve  arises  as  a  single  outgrowth 
on  either  side,  yet  the  condition  of  the  vagus  and  glosso- 
phaiyngeal  in  their  earliest  stages  must  render  us  very 
cautious  about  inferring  that  it  therefore  corresponds  to  a  single- 
spinal  nerve. 

Figs.  11  and  12  show  that  the  so-called  '' hind4)rain "  does 
not  consist  of  a  single  vesicle^  but  of  a  series  of  dilatations, 
separated  by  slight  constrictions,  and  gradually  decreasing  in 
size  from  before  backwards.  Of  these  the  most  anterior  and 
largest  one,  which  at  the  end  of  the  second  day  is  but  little 
smaller  than  the  mid-brain,  gives  origin  at  its  widest  part  to 
the  5th  nerve.  This  relation  I  have  found  to  occur  invariably 
in  all  embryos  up  to  the  end  of  the  fourth  day  that  show  any 
trace  of  a  5th  nerve :  it  confers  a  considerable  amount  of  con- 
stancy on  this  dilatation*. 

From  the  second  dilatation  the  combined  root  of  the  7th 
and  8th  nerves  arises.  I  am  not  however  satisfied  that  this 
relation  is  invariable.  The  succeeding  dilatations  are  much 
smaller  and  closer  together,  and  do  not  appear  to  be  constant 
in  number  or  relations. 

Not  only  does  the  whole  '^  hind-brain  "  consist  of  a  series  of 
these  dilatations,  but  the  spinal  cord  also  presents  a  similar, 
though  less  strongly  marked,  series ;  being  slightly  constricted 
opposite  the  centre  of  each  protovertebra,  and  dilated  opposite 
the  intervals  between  successive  pairs. 

At  the  50th  hour  a  small  outgrowth  from  the  mid-brain  is 
visible  on  either  side  close  to  the  median  dorsal  line;  tiiis 
grows  rapidly,  and  by  the  end  of  the  fourth  day  forms  a  nerve  <^ 
considerable  size  running  from  the  mid-brain  to  the  posterior 
part  of  the  eye,  and  lying  at  a  rather  deeper  level  than  the 
anterior  (or  ophthalmic)  branch  of  the  5th  nerve,  which  it  crosses 
almost  at  right  angles.    From  its  position  and  relation  it  can 

^  EUTnenti  of  Embryology  ^  Part  l  pp.  187,  8,  and  fig.  40,  p.  142. 

'  FoBter  and  Balfonr  {loc,  ciU  p.  138)  mention  the  series  of  dilatations  as  ex- 
isting on  the  third  day,  and  suggest  that  they  "  may  perhaps  be  viewed  as  indi- 
cations  of  an  aborted  segmentation  of  the  hind-bzain  into  a  series  of  Tesides." 
It  is  therefore  a  matter  of  some  importance  to  determine  whether  they  possess 
any  constancy  in  their  relations. 
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only  be  the  3rd  nerve,  which  is  thus  from  the  first  perfectly 
independent  of  the  5th. 

My  observations  on  the  development  of  the  olfactory  nerves 
have  led  to  results  which  differ  materially  firom  the  ordinarily 
received  accounts.  According  to  Foster  and  Balfour^  an  "  ol- 
factory vesicle"  grows  out  from  the  under  surface  of  the  cerebral 
hemisphere  of  either  side  towards  the  end  of  the  third  day ; 
while  the  superficial  epiblast  is  driven  in  to  form  a  nasal  pit. 
The  pit  and  vesicle  are  not  connected  at  first.  This  connection 
is  generally  described  as  brought  about  by  the  development  of 
an  olfactory  nerve  in  the  mesoblast,  between  the  vesicle  and 
pit^  My  own  observations  lead  me  to  the  conclusion  that  the 
olfactory  nerves  really  arise  as  solid  outgrowths  from  the  an- 
terior part  of  the  fore-brain,  near  the  median  dorsal  line. 

PL  xxLfig.  13,  represents  about  half  of  a  section  taken  through 
the  fore  part  of  the  head  of  a  4-day  duck  embryo  in  a  plane 
transverse  to  the  longitudinal  axis  of  the  fore-brain.  The  figure 
is  semi-diagrammatic,  the  mesoblast  being  entirely  omitted  and 
no  attempt  made  to  represent  the  histological  details.  The 
section  passes  through  the  olfactory  depressions,  of  which  that 
on  one  side  only  is  shown.  The  external  epiblast  is  seen  to  be 
very  thin  over  the  roof  and  floor  of  the  fore-brain,  but  is  thick- 
ened at  the  sides,  and  driven  in  so  as  to  form  a  shallow  pit — 
the  olfactory  pit  or  involution  (no) — of  which  the  thickened 
epiblastic  lining  will  become  the  special  olfactory  epithelium. 
The  fore-brain  is  approximately  circular  in  section ;  its  walls 
are  rather  thinner  at  the  top  and  bottom  than  at  the  sides. 
The  olfactory  nerve  (plf)  is  a  short  solid  body  stretching  from 
the  upper  part  of  the  fore-brain  downwards  and  outwards  to 
the  upper  part  of  the  olfactory  pit:  it  consists  of  elongated 
fusiform  cells  which  are  in  intimate  relation  on  the  one  hand 
with  the  walls  of  the  fore-brain,  and  with  the  cells  of  the 
olfactory  epithelium  on  the  other.  The  actual  connection  of 
nerve  and  brain  was  not  seen  in  the  section  figured,  but  in  one 
a  little  further  back. 

The  same  structures  are  shown  in  another  plane  in  PI.  xxi. 
fig.  14,  which  represents  a  horizontal  section  through  the  fore 
part  of  the  head  of  a  75-hours  chick,  in  a  plane  parallel  to  the 

^  Loc.  cit,  p.  117. 
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longitadinal  axis  of  the  fore-braiiL  If  it  is  borne  in  mind  that 
figs.  13  and  14  represent  sections  of  the  same  parts  taken  in 
planes  at  right  angles  to  one  another,  the  relation  of  the  parts 
will  be  readily  understood.  It  will  be  seen  that  the  section  in 
fig.  14 — ^which  is  not  perfectly  horizontal — passes  through  the 
olfactoiy  pit  on  the  left  side,  and  on  the  right  side  just  above  it, 
so  as  to  miss  the  pit,  but  cut  the  olfactory  nerve  {olf).  The 
nerve  is  seen  at  this  point  to  be  quite  distinct  from  the  brain. 

Fig.  15  is  a  section  firom  the  same  embiyo  as  fig.  14  and 
parallel  to  it,  but  in  a  slightly  higher  plane.  On  the  left  side 
the  nerve  has  approached  somewhat  nearer  the  middle  line^ 
and  lies  very  dose  to  the  brain,  from  which  however  it  is  still 
perfectly  distinct.  On  the  right  side  the  section  passes  through 
the  point  at  which  the  nerve  is  attached  to  the  brain. 

The  condition  of  the  fore-brain  requires  some  notice,  as  I 
have  found  the  ordinaiy  accounts  to  be  somewhat  misleading. 
Fig.  14  shows  that  the  fore-brain  at  75  hours  is  considerably 
dilated  in  firont  of  the  optic  vesicles,  forming  a  large  prominent 
swelling,  which  occupies  the  extreme  front  of  the  head,  and  is 
nearly  circular  in  transverse  section  (fig.  13).  The  cerebral 
hemispheres  appear  first  as  dilatations  of  the  sides  and  upper 
part  of  this  expanded  fore-brain,  and  when  seen  in  horizontal 
■section  bear  a  very  similar  relation  to  the  fore-brain  that  the 
commencing  optic  vesicles  originally  did  (vide  PL  xxi.  fig.  15.C&). 

Of  an  olfactory  vesicle  there  is  no  trace  whatever  in  the 
early  stages.  The  olfactory  nerves  at  first  arise  from  the  foie- 
biain,  and  not  from  the  cerebral  hemispheres:  this  is  shown 
very  clearly  in  figs.  13,  14  and  15,  from  which  we  also  see  how 
the  subsequent  growth  forwards  of  the  cerebral  hemispheres 
will  cause  the  nerves  to  appear  to  spring  from  their  under 
surface. 

The  appearance,  position  and  relations  of  the  olfactoiy 
nerves  at  the  75th  hour  so  closely  resemble  those  of  the  other 
cranial  nerves  described  above,  as  to  strongly  suggest  that  they 
are  strictly  comparable;  and  that  the  olfactory  nerves  are  really 
the  first  pair  of  true  cranial  nerves.  More  accurate  observations 
than  we  appear  to  possess  at  present  on  the  development  of 
the  olfactory  nerves  in  less  specialized  vertebrates  are,  however, 
necessary  befgre  this  point  can  be  considered  as  established. 


DEVELOPMENT  OF  THE  NERVES  IN  BIRDS.  513 

If  the  olfactory  nerves  really  prove  to  be^  as  I  have  just 
suggested,  the  first  pair  of  trae  cranial  nerves,  many  of  the 
theories  propounded  concerning  the  composition  of  the  verte- 
brate head  will  require  modification.  I  will  only  allude  here  to 
the  value  attached  to  the  distribution  of  the  cranial  nerves  by 
Prof.  Huxley,  who  starts  with  the  assumption  that  the  5th 
nerve  is  the  most  anterior  of  the  true  cranial  nerves. 

In  conclusion,  I  would  say  a  few  words  on  the  distinction 
between  the  head  and  body.  Sections  of  the  neural  canal^ 
whether  transverse  or  horizontal,  do  not  enable  us  to  fix  any 
point  as  a  limit  between  brain  and  spinal  cord.  In  different 
specimens  the  sections  vary  considerably  in  appearance :  in  some 
the  characteristic  oval  section  of  the  cord — as  seen  in  PI.  xx. 
fig.  6 — is  attained  in  parts  that  are  unquestionably  brain, 
while  in  others  it  is  not  acquired  till  the  second  protovertebra. 

We  have  also  seen  that  the  outgrowths  of  cells  from  the 
summits  of  the  brain  and  cord  are  perfectly  conti^iuous,  and 
present  no  character  that  enables  us  to  mark  a  limit  between 
head  and  body. 

The  vagus-root  has  already  been  alluded  to  ad  overlapping 
the  anterior  half  of  the  first  protovertebra ;  and  the  close  simi- 
larity in  form  between  the  vagus  outgrowth  and  that  for  the 
spinal  nerves  has  been  pointed  out. 

Since  then  no  definite  indication  of  a  limit  between  head 

■ 

and  body  is  afforded  by  either  the  neural  canal,  the  longitu- 
dinal outgrowths  from  its  summit,  or  by  the  mode  of  develop* 
ment  of  the  nerves,  we  must  conclude  that  all  these  features 
were  acquired  before  the  distinction  between  head  and  body. 

At  the  end  of  the  second  day  the  only  means  of  fixing  a 
limit  is  furnished  by  the  protovertebrae ;  the  anterior  border  of 
the  first  protovertebra  marks  the  posterior  border  of  the  head. 
Here  however  we  must  bear  in  mind  the  fact  that  the  anterior 
protovertebra  is  not  the  first  to  be  developed \ 

Under  these  circumstances  Balfour's  failure  to  detect  an- 
terior roots  to  the  cranial  nerves  of  Elasmobranchs'  becomes  of 
special  importance,  as  indicating  the  possible  existence  of  a 
sharp  distiuction  between  head  and  body.      I  have  not  yet 

1  Foster  and  Balfottr,  loe.  cit.  p.  67. 
s  Loe,  cit.  p.  189,  note. 
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detected  anterior  roots  in  the  Bird  in  any  sections  taken  in 
front  of  the  first  protovertebra ;  but,  owing  to  the  yagofi-root 
overlapping  the  first  protovertebra,  I  am  by  no  means  certain 
that  the  most  forwardly  situated  of  the  anterior  roots  does  not 
really  belong  to  the  vagus.  Since  however  I  have  not  ex- 
amined embryos  later  than  the  end  of  the  fourth  day,  and  have 
not  identified  several  of  the  cranial  nerves  at  all,  I  cannot 
attach  much  importance  to  this  failure,  nor  consider  it  as  afford- 
ing any  decided  confirmation  of  Balfour's  observationa  just 
alluded  ta 


EXPLANATION  OF  THE  FIGURES. 

An  the  drawings  were  oatlined  with  a  Hartnadk  camera:  the  olgectm 
indicated  as  employed  in  each  case  is  merely  that  need  in  drawing  the 
outline:  the  details  were  filled  in  fimm  a  Hartoack  olg.  8;  o&  3,  and  Zeis 
obj.  F ;  DC.  3* 

Plate  XX. 

«p.    external  epiblasL  hJb.    hind-brain. 

nk    outgrowing  mass  fix>m  top  of  neural  canal. 
aucL    auditoirpit.  fi.    notochord. 

«•    spinal  cord.  m4K    muscle-plate. 

g.    spinal  ganglion, 
a.    position  of  anterior  root  of  spinal  nerve. 

Figs.  1 — 6.  Represent  transrerse  sections  from  the  same  onbijo— a 
43-boum  diick.    Picric  acid.    Hartnack  camera  obj.  4. 

Pig.  I.  Section  through  hind-bndn,  passing  through  deepest  portion  of 
auditory  pit  (atidL). 

Fig.  2.    Throughhind-brain,  a  short  distance  in  front  of  fig.  1. 

Fig.  3.    A  short  distance  in  front  of  fig.  S:  passes  through  oommoa 

root  (m)  of  7th  and  8th  nerves. 

Fig.  4i  Section  through  the  most  anterior  dilatation  of  the  hlnd-bnun, 
passing  also  through  the  6th  nerve  (m). 

Fig.  6.  Section  taken  a  short  distance  behind  fig.  1 ;  passing  through 
the  anterior  part  of  the  first  protoyertebra— (mp) :  and  through  the  vagus- 
root  (m). 

Fig.  6.  Throu£[h  posterior  port  of  first  protovertebra:  passing  also 
through  the  first  spmal  nerve  (fn;. 

Fig.  7.  Transverse  section  through  the  dorsal  r^on  of  a  3-day  diiek. 
Hartnack  camera  olg.  4.  Shows  pMterior  spinal  roots  {m\  uid  points  of 
attachment  to  cord. 

Fig.  8.  Transverse  section  through  the  posterior  dorsal  region  of  a 
4-day  chick  embryo.  Hartnack  camera  obj.  4.  Shows  spinal  gimglion  (g) 
and  point  {a)  at  which  the  anterior  root  will  shortly  appear. 
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Plate  XXI. 

All  the  figures  in  this  plate  are  Bemi-diagrammatical;  no  attempt  baying 
been  made  to  represent  the  mesoblast  or  the  histological  details. 

Fig.  9.  Transrerse  section  through  the  anterior  dorsal  r^on  of  a  75- 
hours  chick,  passing  through  both  anterior  and  iK>sterior  spinal  roots. 
Hartnack  camera  obj.  4. 

«.  spinal  cord.  mp.    muscle-plate. 

p,  point  of  attachment  of  posterior  root  to  cord. 

g,  ganglion.  a.    anterior  spinal  root 

n.  notodiord. 

Fig.  10.  Transverse  section  through  the  cervical  region  of  a  i-day  duck 
embryo,  taken  just  behind  the  head.    Hartnack  camera  obj.  2. 

Ok    anterior  spinal  root  p,    posterior  spinal  root 

n.    notochord.  mp.    muscle-plate. 

Fig.  11.  HcHriaontal  section  through  the  hind-brain  of  a  75-hoan  diick. 
Hartiuu;k  camera  obj.  2,  reduced  ). 

hh.    cavity  of  hind-brain.  aud.    auditory  vesicle. 

6.    root  of  7th  and  8th  nerves.  n.    notochord. 

Fig.  12.  Horizontal  section  through  head  and  neck  of  a  4^y  duck 
embryo.    Hartnack  camera  obj.  %  reduced  \. 

mb.    cavity  of  mid-brain.  Kb.    cavi^  of  hind-brain. 

9.    spinal  cord.  mp.    muscle-plate. 

t    root  of  5th  nerve.  f.    fiunal  nerve. 

aud.    auditory  vesicle.  v,    vagus. 

f/.    root  of  vagus.  p.    posterior  roots  of  spinal  nerves. 

Fig.  13.  Section  throuffh  fore  part  of  head  of  a  4-day  duck  embryo,  in 
a  plane  transverse  to  the  longitudinal  axis  of  the  fore  brain.  Hartnack 
camera  obj.  2. 

ep.    external  epiblast  fb,    cavity  of  fore-brain. 

fuu    nasal  pit  o^f.    ol&ctory  nerve. 

Fig.  14.  Horizontal  section  through  fore  part  of  head  of  a  75-hour8 
chick  embryo.    Hartnack  camera  obj.  2,  reduced  ^, 

fb.    cavity  of  fore-brain.  na    nasal  pit 

o^f.    ol&ctory  nerve. 

Fig.  15.  Section  from  same  embryo  as  fig.  14,  and  parallel  to  it,  but  in 
a  slightly  higher  plane.    Hartnack  camera  oc^'.  2,  reduced  }• 

fb.    cavity  of  fore-brain.  ch,    cerebral  hemisphere. 

o(/!    olfactory  nerve.  ep,    external  epiblast. 
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NOTE  TO  MR  GUNN'S  PAPER.    P.  357. 

The  above  observations  were  completed  last  June,  and  the  paper 
-was  sent  in  (in  August)  for  publication  in  the  October  number  of  this 
JournaL  But  from  accidental  causes  the  publication  has  unfortu- 
nately been  deferred  until  now.  In  the  interval,  Pro£  Fr.  Merkd, 
of  Rostock,  lias  published,  in  the  Archiv,  JUr  Ophthalmologiey  obser- 
vations which  strikingly  corroborate  those  made  by  Dr  Gunn.  Tliis 
independent  corroboration  is  of  value,  not  only  on  account  of  Piol 
Merkel's  high  reputation  as  a  histologist,  especially  on  the  subject  of 
the  eye,  but  also  firom  the  fact  that  he  has  arrived  at  a  similar  oon- 
elusion  'by  a  different  method  of  working — Dr  Gunn's  results 
having  been  obtained  from  the  study  of  sections,  Pro£  Merkel's 
mainly  from  observation  of  the  separated  ratinal  elements. 


K  A.  SCHAFER. 


UNiyKBSITT  GoiiLSOX, 

March,  1877. 


EXPLANATION  OP  PLATE  XII. 

Fig.  1.  Vertical  section  through  Human  Retina,  a,  cone,  5.coae>nacleii8, 
c,  cone-fibre,  d,  cone-fibre  enlargement  or  cone-bulb,  e.  Inpolar  inner 
'^  granule,''  its  outer  process  extending  to  d,  its  inner  becoming  lost  abruptly 
in  the  inner  molecular  la^er,  /  ganguon-cell,  a',  rod,  If,  rod-nocleoi^  ci^  rod> 
fibre  shewing  minute  vancosities,  d.  rod-fibre  enlanroment  or  rod-bulb^  L  «. 
membrana  ifwiifimg  externa;  M.  base  of  Mullerian  fibra 

Fig.  2.  Cone,  cone-nucleus,  oone-fibre  and  cone-bulb:  to  the  latter  an 
inner  grannie,  is  seen  to  send  a  well-defined  wavT  process,  while  two  neigh- 
bouring inner  granules  send  processes  towards,  but  not  traceable  into,  tiie 
same  cone-bulb. 

m.  external  molecular  layer. 

Fig.  3.  An  apparent  direct  continuation  of  a  branch  of  a  ganglion  oeO 
(/*)  with  the  innek'  process  of  anintemal  granule  (0):  the  outer  pmoees  of 
this  granule  is  prolonged  into  a  cone-bulb  {d)i  /.an  inner  granule  attadied 
to  an  off-shoot  of  the  same  branch  of  the  ganglion  c^ ;  another  brandi  of 
the  ganglion  cell  seems  to  go  directly  to  an  inner  granule  ^\ 

Fig.  4.  Ck>ue-bulb  showing  a  connection  with  two  inner  granules :  the 
process  of  one  is  short,  broad  and  straight ;  that  of  the  other,  longer, 
narrow  and  wavy. 

Fig.  5.  Like  the  last»  but  the  second  wavy  process  is  not  traceable  into 
the  cone-bulb. 

Fig.  6.  The  outer  process  of  this  inner  mnule  {e)  exhibits  an  enlarge- 
ment about  the  middle  of  its  course  through  the  intergranular  layers  from 
whidi  proceed  several  minute  branches,  one  entering  the  cone-bulb  (^ 

Fig.  7.  The  outer  process  of  the  inner  granule  {e)  bifurcates  in  the  sub- 
stance of  the  intergranular  layer.  From  one  brandi  three  very  delicate 
twigs  proceed  directly  towards  three  rod-bulbs  {d\ 


FURTHER  OBSERVATIONS  AND  EXPERIMENTS  RE- 
GARDING THE  TRUE  NATURE  OF  TETANUS. 
By  Sydney  Ringer,  M.D.,  Profe88(yr  of  Therapeutics 
at  University  College,  and  William  Murrell,  L.R.C.R, 
Medical  Registrar  at  Westminster  Hospital. 

In  a  paper  published  in  the  Medico-Chirurgical  Transactions 
for  1876,  we  controverted  the  view  commonly  accepted  that 
tetanus  is  always  due  to  increased  excitability  of  the  spinal 
cord,  and  we  detailed  numerous  experiments  to  prove  that  in 
tetanus  the  resistance  of  the  cord  is  diminished  or  destroyed, 
so  that  an  impression  conveyed  by  an  afferent  nerve  can  spread 
throughout  the  reflex  portion  of  the  central  nervous  system  and 
produce  tetanus.  Many  persons  having  expressed  strong  doubt 
as  to  the  existence  of  this  "resistance,"  we  propose  now  to 
give  the  reasons  for  our  belief  in  this  property,  and  to  shew 
that  it  is  not  fixed,  nor  unmodifiable,  but  that  probably  disease, 
certainly  some  drugs,  will  weaken  or  destroy  it,  the  other 
functions  of  the  cord  meanwhile  remaining  unimpaired  or  but 
slightly  depressed. 

We  first  draw  attention  to  the  fact  that  this  resistance  is 
recognised  in  recent  works  on  Physiology.  Thus  Hermann  says, 
resistance  of  the  cord  is  lessened  in  tetanus,  and  Ferrier,  that 
in  strychnia  tetanus  "  the  resistance  to  radiation  is  diminished." 
This  view,  however,  is  more  definitely  and  more  cogently 
propounded  by  Dr  Michael  Foster,  than  by  any  other  physiolo- 
gist with  whom  we  are'  acquainted.  In  his  recent  Text  Book  of 
Physiology  he  explains  in  the  most  luminous  way  the  part 
which  *'  resistance  "  plays  in  nervous  phenomena*. 

^  Whilst  thlB  paper  is  in  the  presi,  our  attention  has  been  called  to  Bem- 
stein^s  Nerven  und  Mushel-Syiteme,  1871.  In  Section  iv.  he  arriyes  at  yeiy 
similar  oonclasions  to  those  we  have  expressed  in  the  paper  already  referred  to. 
He  says,  '*  Physiological  facts  point  to  the  conclusion  that  there  is  a  connection 
of  the  sensory  centres  with  one  another,"  "for  a  phenomenon  which  forcibly 
points  to  such  a  connection,  is  that  of  irradiation.  It  is  known  that  if  a  sensa- 
tion is  increased  so  as  to  become  pain,  it  will  not  confine  itself  to  the  spot  which 
has  been  irritated ;  the  whole  hand,  nay,  the  whole  arm,  may  ache,  if  the  cause 
of  the  pain  is  only  in  a  finger.  It  even  happens  that  in  such  a  case  we  feel  the 
same  sensation  of  pain  in  the  corresponding  finger  of  the  other  hand,  though  in 
a  less  degree.  This  phenomenon  can  only  be  explained  by  peculiar  arrange- 
ments and  processes  in  the  perceiving  central  organs.'*    *'But  it  will  be  asked, 
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We  were  unaware  till  after  writing  our  paper  that  this 
property  of  the  cord  was  recognised;  when,  on  referring  to 
Hermann's  Physiology,  we  found  it  mentioned  there,  and  we 
adopted  his  expression  "  resistance "  instead  of  the  term  "  in- 
creased diflfusibility  "  we  had  devised  for  ourselves. 

Most  writers  consider  tetanus  to  be  due  simply  to  increased 
excitability  of  the  cord  ;  indeed,  in  most  works  on  Therapeutics 
it  is  taken  for  granted  that  tetanus  is  evidence  of  increased 
excitability  of  the  cord. 

Those  writers  who  attribute  tetanus  simply  to  increased 
excitability  of  the  cord  imply  the  existence  of  resistance, 
though  they  do  not  appear  to  recognise  the  necessity  for  such 
a  property.  According  to  their  view,  in  traumatic  tetanus,  and 
in  strychnia  tetanus,  the  reflex  function  of  the  spinal  cord  is 
greatly  heightened,  so  that  a  slight  irritation  sets  free  in  the 
cord  an  excessive  discharge  of  nervous  force,  so  strong  indeed 
that  overstepping  the  part  of  the  cord  functionally  connected 
with  the  irritated  nerve,  it  may  spread,  and  excite  a  discharge 
of  force  throughout  the  cord.  In  other  words,  they  believe 
that  in  health  a  discharge  of  force  is  restricted  within  certain 
areas  of  the  cord  producing  co-ordinated  action,  but  in  an 
excited  tetanic  cord,  the  resistance  limiting  the  discharge  to 
certain  areas  is  overcome,  and  the  stimulation  radiates  through- 
out the  reflex  portion  of  the  nervous  system.  This  view,  there- 
fore, whilst  implying  a  resistance  or  limiting  force,  in  the  central 
nervous  system,  possible  however  to  be  overcome,  implies  that 
this  resistance  is  a  constant  force  incapable  of  being  heightened 
or  depressed  by  disease  or  medicines. 

Our  observations  in  the  paper  previously  referred  to,  show 
that  in  the  tetanus  induced  by  Buxus  Sempervirens,  and  by 
Gelseminum,  the  diminution  or  destruction  of  the  resistance 

vhy  do  only  strong  imprefisions  oanse  irradiAtion,  and  why  not  also  weak  ones? 
and  then,  why  does  not  irradiation  extend  over  the  whole  sensory  centre; 
whereas  it  occupies  only  part  of  it?  We  are  hereby  led  to  an  assumption  which 
we  shaU  render  probable  also  by  other  reasons ;  namely,  that  the  excitation  has 
to  overcome  resistance  in  the  ganglionic  cells,  and,  on  account  of  it,  undergoes 
a  loss  in  its  intensity."  Not  only  may  impressions  radiate  in  sensory  centres, 
but  **  it  also  happens  that  the  pain  may  cause  reflex  cramps.  Then  the  stimalns 
is  so  great  that  in  spreading  out  through  the  neighbouring  sensory  centres  it  is 
not  yet  reduced  to  its  liminal  value,  and  it  then  enters  motor  centres,  first  of 
all  such  as  aro  situated  on  the  same  level  with  the  irritated  sensory  centres  and 
the  spinal  cord."  Speaking  of  strychnia  tetanus,  he  says,  «•  It  is  simply  due  to 
a  depression  of  this  resistance  in  the  nervous  centres." 
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is  the  sole  cause  of  the  tetanus.  To  make  ourselves  clear  we 
draw  attention  to  the  fact  that  both  box  and  gelseminum  are 
powerful  depressors  of  the  reflex  function  of  the  spinal  cord, 
and  that  in  full  doses  they  soon  produce  complete  paralysis  of 
the  cord. 

In  a  frog  poisoned  by  either  drug  we  get  first  great  weak- 
ness ;  the  animal  hops  with  difficulty,  or  perhaps  can  barely 
crawl,  effects  due  to  the  action  of  the  poison  on  the  spinal  cord, 
then  tetanus  supervenes.  But  the  tetanic  paroxysms,  though 
very  distinct,  are  in  many  instances  slight.  At  one  period  we 
can  get  either  a  normal  co-ordinated  action  or  tetanus,  according 
to  the  degree  of  stimulation,  a  weak  stimulus  producing  a  co- 
ordinated reflex  act,  a  stronger  stimulus,  tetanus.  At  this 
time,  as  the  tetanus  grows  stronger,  the  normal  co-ordinated 
reflex  action  is  growing  weaker ;  and  after  a  short  time,  tetanus 
also  grows  weaker,  and  ultimately  slowly  declines,  till  at  last 
it  is  expressed  only  by  slight  quivering  in  all  the  muscles  of 
the  body.  Now  here  we  maintain  that  at  the  onset  of  the 
tetanus  there  is  no  increased  excitability  of  the  cord,  but  the 
very  reverse  stat,e — paralysis :  for  the  tetanus  is  preceded  by 
paralysis  of  the  cord.  As  the  tetanus  becomes  more  marked, 
normal  co-ordinated  action  grows  less,  shewing  that  paralysis 
of  the  cord  is  progressing ;  and  at  last  tetanus  itself  becomes 
excessively  feeble,  shewing  that  the  cord  is  almost  exhausted 
and  paralysed.  K  then  we  have  no  increased  excitability,  how 
does  it  happen  that  an  impression,  say  to  the  tip  of  one  toe, 
after  reaching  the  cord  is  not  restricted  to  its  proper  portion 
of  the  cord,  but  difluses  itself  throughout  it,  causing  a  general, 
but  weak,  evolution  of  nervous  force,  and  consequently  a  weak, 
but  general,  contraction  of  the  muscles,  that  is  to  say,  tetanus  7 
This  can  be  only  explained  on  the  supposition  that  some  change 
has  taken  place  in  the  cord,  whereby  a  stimulus  is  no  longer 
confined  to  a  part  of  the  cord,  but  can  diffuse  itself;  that  some 
restraining  or  localizing  influence  is  reduced  or  destroyed, 
and  to  this  is  given  the  name  *^  resistance." 

Further,  we  found  that  in  brainless  frogs  after  two  or  more 
days,  when  reflex  action  had  begun  to  decline,  on  striking  the 
animal  between  the  shoulders  we  induced  tetanus,  and  as 
co-ordinated  reflex  action  grew  weaker,  the  tetanus  meanwhile 
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became  stronger,  and  was  more  easily  induced;  and  in  some 
cases,  a  few  hours  before  the  cessation  of  reflex  action  we  ex- 
cited strong  tetanus  lasting  half  a  minute  to  a  minute,  the 
animal  becoming  rigid  from  the  powerful  muscular  contractions. 
Now  we  submit  that  in  these  cases  the  tetanus  could  not  be 
due  to  increased  excitability,  unless  it  is  maintained  that  the 
operation  excited  inflammation  of  the  meninges  of  the  cord,  a 
supposition  highly  improbable,  for  various  reasons.  We  main- 
tain that  the  tetanus  is  due  to  diminution  of  the  resistance  in 
the  dying  cord,  enabling  a  powerful  stimulus,  as  a  blow  on  the 
trunk,  to  spread  throughout  the  cord,  and  produce  tetanus.  For 
further  details  we  must  refer  the  reader  to  the  paper  we  have 
mentioned. 

We  now  record  some  additional  observations  we  have  lately 
made.  These  we  think  conclusively  prove  that  tetanus  is  not 
always  due  to  increased  excitability  of  the  cord.  These  obser- 
vations, too,  constrain  us  to  admit  a  resistive  power  susceptible 
of  modification,  the  other  functions  of  the  cord  remaining  but 
little  or  not  at  all  affected.  We  pithed*  and  destroyed  the 
brain  of  three  frogs,  and  then  watched  for  the  decline  of  reflex 
action.  On  the  third  day  this  was  much  weaker;  in  one  firog 
so  weak  that,  on  pinching  a  toe,  it  only  feebly  withdrew  its 
legs.  We  then  injected  under  the  skin  of  the  back  ^^  grain 
of  strychnia,  which  in  about  half  an  hour  induced  tetanus.  This 
was  very  weak  in  the  frog  whose  reflex  action  was  nearly 
annulled,  and  the  tetanus  in  this  instance,  though  distinct,  was 
feebler  than  the  amount  of  muscular  force  developed  in  a 
normal  vigorous  reflex  act;  in  other  words,  the  reflex  act, 
though  tetanic,  was  weak. 

In  the  other  two  frogs,  with  reflex  power  much  less  weak 
before  the  injection,  we  induced  strong  tetanic  convulsions  on 
the  slightest  irritation,  or  even  shaking  the  table,  the  parojg^'sms 
lasting  a  minute  or  longer.  Next  day,  however,  the  tetanus 
was  much  weaker,  and  about  equal  to  the  tetanus  induced  by 
strychnia  in  the  frog  with  very  weak  reflex  power.  The  teta- 
nus grew  weaker  and  weaker,  but  persisted  till  all  reflex  action 
became  extinct;  and  for  some  time  before  this,  the  muscular 

1  Perhaps  it  iB  hardly  necoRsary  to  say  that  by  the  term  pithed  we  mean 
division  of  the  cord  opposite  the  occipito-atlantal  membrane. 
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force  displayed  after  stimulation  was  far  less  marked  than  that 
occurring  in  a  normal  co-ordinated  reflex  act.  We  again  had 
weak  tetanus  excited  in  a  weak  and  dying  cord.  These  experi- 
ments we  several  times  repeated. 

Now  we  venture  to  maintain  that  it  is  impossible  to  explain 
this  tetanus  otherwise  than  on  the  supposition  of  a  resistive 
force,  which  the  strychnia  weakened  or  destroyed.  It  certainly 
cannot  be  explained  on  the  supposition  that  strychnia  simply 
produces  increased  excitability  of  the  cord.  We  are  not  now 
denying  that  strychnia  may  "excite"  or  "stimulate"  the  cord, 
but  admitting  this,  the  tetanus  we  have  just  described  cannot 
be  due  merely  to  this  increased  excitability ;  for  were  this  so, 
the  strychnia  should  have  first  improved,  then  completely 
restored  normal  co-ordinated  reflex  action,  and  then,  on  the 
cord  becoming  still  more  ''  stimulated,*'  tetanus  ought  to  have 
supervened. 

It  may  be  objected  that  with  brainless  frogs  in  a  few  hours 
or  in  two  or  three  days  the  afferent  and  efferent  nerves  be- 
come depressed  as  well  as  the  spinal  cord;  and  hence,  though 
strychnia  may  restore  the  lost  functional  activity  to  the  cord, 
yet  as  the  impression  conveyed  thereto  is  weakened,  and  the 
Conductivity  of  the  motor  nerves  is  also  depressed,  the  tetanus 
itself  ought  to  be  very  weak.  We  therefore  devised  the  fol- 
lowing experiment : — ^We  pithed  and  pegged  a  frog,  and  after 
tying  the  femoral  vessels  of  the  right  leg  close  to  the  trunk, 
we  injected  into  the  abdominal  cavity  a  mixture  containing 
one  grain  of  extract  of  Calabar  bean,  and  j^  grain  of  strychnia. 
The  Calabar  bean  we  used  to  depress  the  cord,  and  as  we 
wished  to  induce  depression  of  the  cord  without  effecting  any 
alteration  in  the  afferent  or  efferent  nerves,  we  tied  the  vessels 
of  the  right  leg,  thus  protecting  the  tissues  below  the  ligature 
from  the  effect  of  the  drug.  In  twelve  minutes  slight  tetanus 
set  in,  the  legs  on  strong  mechanical  irritation  being  power- 
fully shot  out  once,  and  once  only,  after  each  stimulation.  Co- 
ordinated and  tetanic  reflex  action  persisted  simultaneously; 
that  is,  a  weak  stimulus  excited  co-ordinated  action,  a 
stronger,  the  tetanic  extension  of  the  legs  just  described.  The 
co-ordinated  reflex  action  grew  weaker  and  weaker,  the  tetanus 
at  first  remaining  undiminished,  then  it  abo  declined.    In  this 
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experiment  the  action  of  the  Calabar  bean  at  once  reduced  the 
cord  to  the  same  condition  as  in  a  frog  which  has  been  pithed 
two  or  three  days,  but  of  course  without  depressing  either  the 
afferent  or  efferent  nerves  of  the  ligatured  leg. 

Our  argument  is  otherwise  strikingly  supported.  In  brain- 
less frogs  (frogs  pithed  and  pegged)  reflex  action  often  declines 
much  more  quickly  in  one  hind  leg  .than  in  the  other.  To  a 
moderate  sized  frog  with  very  imequal  powet  in  the  hind  l^s, 
one  leg  being  rather  vigorously  withdrawn  on  irritating  its 
toes,  whilst  the  other  was  only  partly  withdrawn,  we  injected 
under  the  skin  of  the  back  ^sW  ff^^  ^f  sulphate  of  strychnia. 
In  half  an  hour  slight  tetanus  set  in,  first  in  the  weaker  leg, 
being  for  some  time  decidedly  stronger  in  this  leg.  Now  if 
strychnia  tetanus  is  simply  due  to  "  stimulation,"  in  other  words 
to  increased  excitability  of  the  cord,  then  the  tetanus  should 
certainly  have  first  'shown  itself  in  the  stronger  leg,  as  it 
would  naturally  require  less  stimulation  to  induce  tetanus  in 
this  than  in  the  weaker  limb.  We  noticed  also  that  at  a  time 
when  the  tetanus  was  so  slight  that  we  doubted  if  it  were 
present,  by  exercising  the  limbs  and  thus  weakening  co-ordi- 
nated action  we  induced  decided  tetanus,  which  rest  again 
weakened,  at  the  same  time  strengthening  co-ordinated  action, 
and  strong  tetanus  could  be  again  induced  by  a  second  time 
weakening  the  cord  by  exercising  the  limb.  Now  were  strychnia 
tetanus  due  simply  to  "stimulation"  (increased  excitability), 
it  is  obvious  that  the  very  reverse  should  have  happened. 

A  similar  fact  is  often  witnessed  in  disease,  when  paralysed 
limbs  sooner  become  tetanized  by  strychnia  than  other  parts 
of  the  body,  as  in  the  case  of  hemiplegia  from  brain  disease. 
Here  half  the  cord  is  not  exercised  at  all  or  but  slightly,  and 
consequently  its  nutrition  becomes  defective,  and  it  wastes. 
Strychnia  will  induce  tetanus  more  readily  in  this  depressed 
half  of  the  cord  than  in  the  opposite  healthy  half. 

But  it  may  be  said  we  admit  a  resistive  force  which  may 
be  overcome,  and  as  the  cord  dies — as  the  reflex  function  di- 
minishes— ^this  resistance  will  pari  passu  declioe ;  so  that  with 
a  slight  improvement  of  the  reflex  function,  the  evolution  of 
nervous  force  in  one  part  of  the  cord  will  overpower  the  weak- 
ened resistance,  and  spread  throughout  the  cord.    This  position 
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concedes  at  once  that  the  resistance  is  alterable  in  amount,  thus 
admitting  a  part  of  our  contention.  But  the  explanation  in 
question  is  altogether  inadequate  to  explain  the  very  different 
effects  of  paralysers  of  the  cord.  Thus  to  compare  three  drugs 
— Physostigma,  Gelseminum,  and  Box :  Physostigma  paralyses 
the  cord  without  producing  tetanus ;  Gelseminum  paralyses  the 
cord,  and  produces  weak  tetanus ;  Box  paralyses  the  cord,  and 
excites  strong  tetanus.  How  are  we  to  interpret  these  different 
effects?  Why  do  Box  and  Qelseminum  tetanize,  and  not 
Physostigma  ?  Why  should  Box  tetanize  far  more  than  Gelse- 
minum ?  Before  attempting  to  explain  this  apparent  anomaly^ 
we  must  interpose  two  preliminary  considerations  :^- 

1.  That  tetanus  is  producible  only  in  two  ways,  either  by 
increasing  the  excitability  of  the  reflex  function,  so  that  the 
evolution  of  force  may  be  sufficient  to'  overcome  the  normal 
"  resistance,"  and  spread  throughout  the  cord ;  or  the  "  resist- 
ance" itself  being  diminished,  an  impression  conducted  to  a 
cord  with  its  reflex  function  in  a  normal  or  even  in  a  depressed 
state,  can  overcome  the  weakened  resistance,  and  affect  the 
whole  reflex  portion  of  the  cord. 

2.  It  is  quite  inconceivable  that  a  drug  should  simul- 
taneously both  depress  and  stimulate  (increase  excitability  of) 
the  same  function. 

Now,  Gelseminum  and  Box,  whilst  they  both  tetanize  the 
cord,  depress  at  the  same  time  the  reflex  function,  and  con- 
sequently cannot  possibly  produce  tetanus  by  "stimulating" 
the  cord.  Their  tetanizing  action  therefore  can  be  explained 
solely  by  theu'  power  to  diminish  "  resistance."  The  difference 
in  the  amount  of  tetanus,  produced  respectively  by  Gelseminum 
and  Box,  we  explain  by  inferring  that  Gelseminum  induces 
considerable  cord  paralysis  with  weak  tetanus,  the  poison  ex- 
erting a  greater  effect  on  the  "resistance"  than  on  the  reflex 
function,  and  the  difference  being  but  sUght,  we  get  weak 
tetanus.  Box  produces  cord  depression  with  much  stronger 
tetanus,  showing  that  the  drug  exerts  an  effect  far  greater  on 
the  resistance  than  on  the  reflex  function ;  and  the  resistance 
being  greatly  weakened  before  the  reflex  function  is  much 
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depressed,  tetanus  excited  by  Box  is  fax  stronger  than  that 
from  Gelseminum. 

Granting  therefore  that  whatever  depresses  the  cord  will 
diminish  resistance,  we  must  admit,  that  some  remedies  mani- 
fest a  greater  power  over  resistance  than  over  the  reflex  func- 
tion J  and  when  the  depression  of  resistance  is  greater  than  the 
depression  of  reflex  action,  we  get  tetanus.  The  relative  effect 
on  the  reflex  and  the  resistive  functions  well  explain  the  various 
degrees  of  pstralysis  associated  with  tetanus,  and  the  strength  or 
weakness  of  the  tetanus  itself. 

We  would  suggest  that  conceivably  we  may  have  four  com- 
binations in  tetanus. 

1.  Tetanus  with  increased  excitability  and  normal  r^istance 
of  the  cord. 

2.  Tetanus  with  increased  excitability,  and  diminished  or 
destroyed  resistance  of  the  cord. 

3.  Tetanus  &om  mere  diminution  of  resistance. 

4.  Tetanus  with  depression  of  the  reflex  function  and 
diminished  resistance. 

We  have  adduced  in  this  paper  sufficient  evidence  of  the 
fourth  form  of  tetanus,  and  have  elsewhere  expressed  a  doubt 
if  the  first  and  second  kinds  of  tetanus  ever  occur. 

Surely,  it  will  be  said,  the  strong  tetanus  of  strychnia  must 
be  due  to  increased  excitability  of  the  cord,  as  well  as 
diminution  of  resistance ;  for  in  a  paroxysm,  induced  by  even 
a  slight' irritation,  the  amount  of  muscular  force,  and  ergo  of 
the  nervous  force  developed  in  the  cord,  is  far  greater  than 
occurs  in  a  normal  co-ordinated  reflex  act,  and  this  excessive 
evolution  of  force  proves  the  increased  excitability  of  the  cord. 
But  we  think  that  strychnia  tetanus  is  best  explained  by  simply 
temporary  diminution  or  abolition  of  resistance.  For  we  have 
shown  in  the  pamphlet  already  referred  to,  that  loss  of  resis* 
tance,  even  with  depression  of  the  reflex  function,  will  produce 
strong  tetanus.  This  is  the  case  with  Box.  This  drug,  as  we 
have  seen,  produces  first  partial  cord  paralysis;  then  strong 
tetanus  ensues,  whilst  the  co-ordinated  reflex  contractions,  which 
can  be  induced  by  weak  stimulation,  are  at  the  same  time 
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growing  progressively  weaker;  tbat  is  to  say,  we  get  strong 
tetanus  with  progressive  cord  paralysis. 

In  order  to  explain  these  strong  paroxysms  when  the  evo- 
lution of  nerve  force  is  far  greater  than  that  occurring  in  a 
normal  co-ordinated  act,  it  is  obvious  we  must  assume  that 
the  resistance  not  only  restricts  impressions  to  certain  areas 
of  the  cord,  but  that  it  also  limits  the  amount  of  force  evolved ; 
in  fact,  by  paralysing  "  resistance  "  we  not  only  allow  a  stimulus 
to  spread  throughout  the  reflex  portion  of  the  cord,  but  also 
to  set  free  an  increased  amount  of  nervous  force  from  every 
portion  of  the  cord  and  motor  parts  of  the  brain.  In  other 
words,  the  function  or  condition  to  which  the  name  "resistance" 
is  given  not  only  localises  but  restrains  reflex  action  in  the 
spinal  cord.  If  then,  in  the  case  of  Box,  we  get  strong  tetanus 
with  slight  depression  of  the  cord,  we  think  it  possible  that 
the  still  stronger  tetanus  of  strychnia  may  be  due  simply  to 
depression  of  this  resistive  function  without  any  increased 
excitability.  Hence,  as  in  the  case  of  Box,  but  in  even  greater 
degree,  a  slight  stimulation  not  only  spreads  throughout  the 
cord,  but  sets  free  an  excessive  amount  of  nervous  force. 

It  will  probably  be  objected  that  if  diminution  of  resistance 
permits  also  the  evolution  of  an  excessive  amount  of  force — 
that  resistance  in  fact  not  only  localises  but  restrains  or  controls 
the  amount  of  reflex  action — then,  as  resistance  becomes  weak- 
ened, the  co-ordinated  reflex  acts  should  become  stronger ;  as  in 
that  stage  of  Box  and  Gelseminum  poisoning,  when,  according  to 
the  strength  of  the  irritation,  we  obtain  either  a  co-ordinated 
or  a  tetanic  reflex  act,  the  co-ordinated  act  should  become 
stronger.  This  is  not  true  of  Box  and  Gelseminum  poisoning, 
probably  because,  as  the  tetanus  sets  in  and  grows  more  severe, 
the  paralysis  of  the  cord  progresses  quickly,  so  that  any  in- 
crease in  normal  co-ordinated  action  due  to  diminution  of 
resistance  would  escape  detection ;  though  we  must  grant  that 
this  paralysis  should  likewise  weaken  the  tetanic  reflex  act. 
In  strychnia  poisoning,  where  there  certainly  is  no  weakening 
of  reflex  action,  the  co-ordinated  reflex  acts  on  the  onset  of 
tetanus  do  become  stronger,  as  the  following  observation  re- 
peated several  times  establishes.  We  pithed  and  pegged  a 
frog,  and  when  reflex  action  had  considerably  declined;  but  the 
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limbs  were  still  withdrawn  under  the  stimulus  of  pinching  or 
electricity,  we  suspended  the  brainless  animal,  by  passing  a  pin 
through  the  lips,  and  pinning  it  to  a  retort  holder,  so  that  it 
hung  with  its  legs  suspended,   and   then  injected  ^^  grain 
under  the  skin  of  the  back,  and  watched  for  the  onset   of 
tetanus.   With  this  small  dose  tetanus  came  on  slowly,  remaining 
for  a  long  time  comparatively  weak,  so  that  a  slight  irritation 
induced  a  co-ordinated  reflex  act ;  a  stronger  one,  tetanus.     In 
this  stage  we  found  that  co-ordinated  reflex  action  was  much 
more  easily  and  powerfully  induced  than  before  tetanus  set  in. 
Thus,  before  the  injection  of  the  strychnia  only  the  irritated 
leg  was  withdrawn,  and  once  only,  and  then  again  relaxed ;  but 
after  the  setting  in  of  tetanus  the  leg,  in  a  co-ordinat«d  act, 
was  first  withdrawn  on  slighter  irritation ;  next,  as  tetanus  in* 
creased,  both  legs  were  withdrawn ;  and  later,  both  were  with- 
drawn and  extended  several  times,  with  even  a  very  slight 
stimulus,  as,  for  instance,  the  very  slightest  touch.    This  effect 
of  strychnia  was  still  better  exemplified  by  the  following  ex- 
periment.   A  fi-og,  pithed  and  pegged  seventy-one  hours  before- 
hand,  we  suspended  by  a  pin  passed  through  the  lips   and 
fixed  to  a  stand,  on  each  side  the  right  ankle  we  placed  the 
thin  wires  of  the  electrodes,  tying  them  to  the  ankle  by  waxed 
thread,  then  by  means  of  Du  Bois  Beymond's  induction  ooil 
we  ascertained  the  weakest  current  capable  of  exciting  a  reflex 
act.    Then  we  injected  -p^  gr.  of  strychoia  under  the  skin  of 
the  back,  the  instrument  standing  at  10*.5,  and  as  tetanus 
gradually  set  in  a  weaker  current  was  sufficient  to  produce  a 
co-ordinated  reflex  act.    Thirty-four  minutes  after  the  injection^ 
reflex  action  was  induced  with  the  coil  standing  at  11 ;  in  an 
hour,  at  12 ;  in  an  hour  and  twenty  minutes,  at  13 ;  in  an  hour 
and  a  half,  at  14 ;  in  an  hour  and  forty  minutes,  at  16.     Surely 
this,  an  objector  might  say,  is  increased  excitability  of  the  cord. 
Of  course  strychnia  so  affects  the  cord  that  a  slight  stimulus 
evokes  a  very  great  discharge  of  nervous  force ;  but  the  question 
we  raise  is  this : — Does  this  increased  evolution  of  nervous  force 
depend  on  some  alteration  in  the  composition  of  the  cord 
elements,  so  that  chemical  changes  and  consequently  the  pro- 
duction of  force  are  more  easily  induced ;  or  is  this  increase 
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of  force  due  to  weakening  or  destruction  of  some  controlling 
power  whicb  has  been  termed  "resistance"  ? 

In  support  of  the  theory  of  resistance,  we  must  again  refer 
to  the  effect  of  Box  on  the  cord.  This  drug  first  produces  cord 
paralysis^  and  whilst  this  quickly  advances^  strong  tetanus 
occurs,  which,  as  we  have  said,  cannot  be  due  to  increased 
excitability,  but  must,  we  think,  depend  on  loss  of  "  resistance  " 
of  the  cord;  and  we  suggest  that  it  is  at  least  feasible  that 
even  the  strong  tetanus  of  strychnia  may  depend  simply  on 
loss  of  resistance,  though  as  the  reflex  function  is  in  no  degree 
weakened,  this  tetanus  is  more  powerful  than  that  of  Box. 

We  here  adduce  some  observations  confirmatory  of  this 
view. 

In  a  brainless  frog,  after  three  or  four  days,  reflex  action 
so  far  declines  that  it  cannot  be  excited  in  the  smallest  degree 
by  stimulation  of  the  extremities;  but  a  sharpish  blow  over 
the  spine  produces  slight  and  general  musculsLr  contraction. 
On  repeating  the  blows,  the  muscular  contraction  grows  stronger 
and  stronger,  at  last  becoming  decidedly  tetanic ;  and  now  if  the 
blows  are  still  continued,  the  muscular  movements  become 
abolished.  These  effects  we  explain  in  the  following  way: — 
The  blow  on  the  back  diminishes  the  ''resistance"  at  first 
very  slightly,  and  though  all  the  muscles  are  affected  they 
contract  but  slightly ;  a  repetition  of  the  blows,  of  the  same 
strength,  reduces  the  resistance  more  and  more,  and  with  each 
blow  a  greater  amount  of  nerve  force  is  evoked ;  that  is,  the 
amount  of  stimulation  remaining  the  same  we  produce  a  far 
greater  amount  of  muscular  contraction.  Repeating  the  blows 
still  further,  we  depress  the  cord,  and  at  last  abolish  all  reflex 
action.  The  increased  evolution  of  nervous  force  in  the  cord 
can  be  explained,  we  think,  only  by  the  fact  of  diminished 
resistance.  The  augmented  evolution  of  nervous  force  cannot 
be  due  to  excitement  of  the  cord,  since  in  this  experiment  there 
is  nothing  to  suggest  or  to  explain  the  increased  excitability, 
and,  as  we  have  said,  we  took  care  that  the  blows  should  be  as 
nearly  as  possible  of  the  same  strength.  If  this  explanation 
be  accepted,  then  it  shows  that  through  diminution  of  resistance 
a  greater  force  is  evolved  with  the  repetition  of  a  stimulus 
always  of  the  same  strength. 
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Now  if  we  give  a  dose  of  strychnia  to  a  frog  in  the  con- 
dition just  described,  in  a  short  time,  when  absorption  has 
taken  place,  we  bring  the  cord  of  that  animal  to  the  condition 
of  the  frog  which  has  undei^one  a  repetition  of  blows  on  the 
back ;  that  is  to  say,  one  blow  will  produce  a  decided,  thougli 
weak,  tetanic  contraction.  Here  the  strychnia  acts  like  the 
repeated  blows,  weakening  resistance,  so  that  a  stimulus  will 
evoke  a  greater  amount  of  nerve  force  than  would  have  oc- 
curred before  the  resistance  was  depressed. 


I 


ON  THE  EXTENT  TO  WHICH  ABSORPTION  CAN 
TAKE  PLACE  THROUGH  THE  SKIN  OF  THE 
FROG.  By  Wm.  Stirling,  D.Sc,  M.D.  Demonstrator 
of  Practical  Physiology  in  the  University  of  Edinburgh 

(From   the   Physiological   Laboratory   of  the    University   of 

Edinburgh.) 

In  some  experiments  which  I  was  making  upon  frogs  I  chanced 
to  leave  some  of  these  animals  on  a  plate  containing  a  small 
quantity  of  water,  the  whole  being  covered  by  an  ordinary  bell- 
jar,  with  a  piece  of  moist  blotting  paper  inside  it,  in  order  to 
keep  the  atmosphere  surrounding  the  frogs  quite  moist  Next 
morning  I  found  that  the  abdomen  was  very  much  distended, 
a  male  frog  presenting  quite  the  appearance  of  a  female  one 
distended  with  ova.  This  was  due  to  the  enormous  distension 
of  the  bladder  with  fluid  which  had  evidently  been  absorbed 
through  the  skin. 

Determining  to  test  to  what  extent  absorption  of  water  may 
take  place  through  the  skin  of  frogs  in  a  given  time,  I  first 
destroyed  the  brain  and  spinal  cord  as  far  down  as  the  second 
cervical  vertebra.  The  spinal  canal  was  plugged  to  prevent 
haemorrhage,  and  the  frogs  being  then  carefully  weighed  were 
placed  in  a  plate  covered  with  a  layer  of  water  about  one- 
eighth  part  of  an  inch  deep,  the  atmosphere  being  kept  moist 
by  placing  a  bell-jar  over  the  plate.  The  frogs  were  allowed 
to  remain  under  these  conditions  for  twenty-four  hours  and 
then  weighed  again,  the  difference  in  weight  of  course  repre- 
senting the  amount  of  water  absorbed.  The  following  table 
represents  the  results  I  obtained  by  this  method  in  the  first 
four  frogs. 

Nos.  6,  6,  and  7,  instead  of  being  laid  flat  upon  a  plate  con- 
taining water,  were  suspended  in  a  jar  of  water.  The  water 
reached  up  nearly  to  the  axilla  in  all  three  cases. 
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Original 
Weight  in 
Grammes. 

Weight  in 
Grammes  after 
heing  24  hours 

in  water. 

Difference 

in 
Grammes. 

Per  oent.  of 
Body-Weight. 

Frogl 

32.6 

27.01 

4.41 

19.5  per  cent. 

.,    2 

22.25 

27.9 

5.65 

26.4  „       „ 

„  s 

27.45 

80.5 

8.05 

11.1  „       .. 

»    4 

28.2 

82.04 

8.84 

18.6  „       „ 

»    5 

26.2 

80.25 

4.05 

15.4  „       „ 

M     6 

21.1 

25.2 

4.1 

19.4  „       „ 

»    7 

23.95 

29.6 

5.65 

23.6  „       „ 

These  results  show  that  the  amount  of  fluid  absorbed  varies 
in  each  individual  case,  and  that  a  very  active  absorption  of 
water  takes  place  through  the  skin  of  firogs  so  treated,  amount- 
ing in  one  case  to  over  25  per  cent,  of  the  original  weight  of 
the  animal.  This  is  a  very  great  increase,  and  may  be  ac- 
counted for  by  the  extremely  rich  net-work  of  vessels  ramifying 
in  the  frog's  skin,  and  the  ready  osmosis  which  takes  place 
through  the  skin  of  a  frog,  even  when  stripped  off  like  a  glove 
from  the  limbs.  That  various  substances  can  pass  through  the 
frog's  skin  has  been  recently  shown  by  A.  v.  Wolkenstein\ 
In  my  experiments  the  water  absorbed  must  have  passed  into 
the  circulation,  and  was  then  excreted  by  the  kidneys.  The 
facilities  for  absorption  were  no  doubt  increased  in  these  cases 
by  the  destruction  of  the  vaso-motor  centre  in  the  medulla^ 
which  would  be  followed  by  dilatation  of  the  vessels  of  the 
skin,  thus  giving  a  larger  area  through  which  absorption  could 
take  place.  The  whole  of  the  water  absorbed,  however,  did  not 
pass  into  the  bladder,  for  on  measuring  the  amount  of  fluid 
expressed  from  the  bladder,  it  was  always  found  to  be  con- 
siderably less  than  what  was  actually  absorbed. 
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This  is  shown  in  the  following  table: 
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Aetnal  increase  of 
Weight  in  Grammes. 

Fluid  expressed  from 
Bladder. 

Frog  A. 
,.    B. 
,,    0. 

4 

4.1 

6.15 

8.5    00. 
8.55  „ 
4.66  „ 

This  extra  fluid  must  therefore  have  passed  into  the  circu- 
lation, and  so  diluted  the  blood.  That  it  had  much  effect  on 
the  blood-tension  is  not  at  all  likely,  for  we  know  that  a  very 
considerable  volume  of  blood  may  be  added  to  the  circulation 
without  any  permanent  increase  of  the  blood-pressure,  as  was 
shown  by  Worm  Miiller\  No  increase  in  the  amount  of  fluid 
was  observable  in  the  lymph-sacs. 

With  regard  to  the  amount  of  fluid  absorbed  in  a  given 
time,  I  obtained  the  following  results: 


Increase  of  Weight 
in  6i  hrs. 

Increase  of  Weight 
in  24  hrs. 

Increase  of  Weight 
in  48  hrs. 

Frog  a. 
„     b. 

M      0. 

1.8  grammes 

2.9  „ 
2.65      ,. 

4.0  grammes 

4.1  .. 
5.65      „ 

4.0  grammes 
7.0        „ 
6.16      „ 

This  table  clearly  shows  that  the  amount  of  fluid  absorbed 
is  relatively  very  much  greater  during  the  first  six  hours  of  im- 
mersion than  during  the  next  18.  The  increase  also  in  the 
second  24  hours  in  one  case  was  nothing,  and  in  another  only 
'5  gramme.  This  may  be  explained  partly  by  the  increase  of 
the  amount  of  fluid  within  the  blood-vessels,  thus  diluting  the 
blood  and,  it  may  be  at  the  same  time,  increasing  the  blood- 
tension.  Another  factor  tending  to  the  same  result  is  the 
tension  within  the  bladder,  owing  to  its  having  become  so  dis- 
tended, preventing  the  entrance  of  more  fluid  into  it,  thus 
leading  to  diminution  in  the  amount  of  urine  secreted,  or  it 

1  Ludwig's  Arbeiten,  1878. 
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may  be  suppressing  the  reaction  entirely.  The  result  of  this 
would  be,  that  little  or  no  fluid  would  be  withdrawn  from  the 
circulation  by  the  kidneys.  Another  factor  may  be,  that  the 
bladder,  by  being  so  greatly  distended,  might  press  upon  the 
heart,  and  so  interfere  with  its  movements.  It  is  interesting 
to  note,  that  if  the  bladders  of  these  frogs  were  again  emptied, 
they  became  filled,  i.  e.  absorption  went  on,  just  as  before. 

In  order  to  test  whether  the  destruction  of  the  vaao-motor 
centre  facilitates  the  absorption,  I  removed  only  the  brain  in 
some  cases.  There  is  in  these  cases,  however,  great  difficulty 
in  preventing  the  frogs  from  emptying  their  bladders;  but  I 
found  that  they  did  not  absorb  so  much  fluid  as  those  in  which 
the  upper  part  of  the  cord  was  divided. 

Remembering  how  rapidly  sulphindigotate  of  soda  is  excreted 
by  the  kidneys  when  introduced  into  the  circulation,  I  placed 
several  frogs  in  a  watery  solution  of  this  blue  colouring  matter, 
but  the  result,  as  far  as  the  absorption  of  the  colouring  matter 
was  concerned,  was  negative,  none  of  it  passing  through  the 
skin,  although  the  water  passed  through,  and  was  excreted  by 
the  kidneys,  just  as  if  ordinary  water  had  been  employed. 

A  similar  negative  result  was  obtained  with  a  watery  solu- 
tion of  Berlin  blue. 

On  suspending  a  frog,  in  which  the  vaso-motor  centre  and 
the  brain  were  destroyed;  in  a  weak  solution  of  sulphate  of 
strychnine,  within  two  or  three  hours  the  frog  exhibited  the 
characteristic  tetanic  spasms.  Further,  after  immersion  of  frogs 
for  24  hrs.  or  so  in  a  solution  of  ferrocyanide  of  potassium,  this 
substance  could  easily  be  detected  by  the  ferric  chloride  test, 
giving  a  blue  colour  with  the  urine  expressed  from  the  bladder. 

On  opening  the  abdomen  of  such  animals  with  their  blad- 
ders distended,  it  was  very  prettily  shown  that  the  bladder,  in 
the  case  of  the  frog,  is  bilobate,  each  lobe  extending  laterally 
and  upwards  into  the  abdominal  cavity.  A  firm  bridge  of 
tissue,  containing  a  blood-vessel,  runs  from  above  downwards  in 
the  anterior  wall  of  the  bladder,  binding  it  down,  and  giving  it 
its  bilobate  appearance. 


ON  CERTAIN  MOLAR  MOVEMENTS  OF  THE  HUMAN 
BODY  PRODUCED  BY  THE  CIRCULATION  OF 
THE  BLOOD.    By  J.  W.  GoedoN. 

A  PEBSON  standing  erect  in  a  perfectly  easy  posture  on 
the  bed  of  ^n  ordinary  spring  weighing-machine,  and  maintain- 
ing, as  far  as  possible,  perfect  stillness,  will  be  found,  if  the 
instrument  is  delicately  adjusted,  to  impart  a  rhythmic  move- 
ment to  the  index,  synchronous  with  the  pulse  and  according 
to  the  following  rule : — ^At  each  occurrence  of  systole  in  the 
hearty  the  needle  will  be  vigorously  deflected  toward  the  zero 
point  of  the  dial,  and  in  the  intervals  of  systolic  action  will 
return  by  a  slower  movement  to  the  starting  point ;  this  point 
nearly  coinciding  with  the  point  at  which  the  needle  would 
rest  if  the  subject  were  laid  horizontally  on  the  bed  of  the 
instrument.  The  return  of  the  needle  is  effected  by  a  series 
of  secondary  vibrations  which  appear  to  bear  an  appreciable 
but  imperfect  analogy  to  corresponding  features  in  the  sphyg- 
mograph. 

This  phenomenon  may  very  easily  be  verified,  but  in  re- 
peating the  experiment  it  should  be  borne  in  mind  that  the 
following  are  desiderata: — That  the  skeleton  of  the  subject  be 
brought  as  nearly  as  possible  into  contact  with  the  instrument 
and  that  the  hip-  and  knee-joints  be  so  disposed  as  to  secure 
the  maximum  possibile  of  rigidity  in  a  perpendicular  direction. 
It  does  not  appear  that  this  phenomenon  has  heretofore  been 
anticipated  by  any  process  of  theorising,  or  turned  to  any  useful 
account.  It  may  therefore  be  permitted  me  to  point  out  what 
may  prove  to  be  its  phenomenal  cause  and  practical  conse- 
quences. 

As  to  its  cause — When  the  heart  is  contracting  it  propels 
blood  in  all  directions;  but  the  greatest  column  is  propelled 
downward,  along  the  aorta,  almost  in  the  direction  of  the  axis 
of  the  body.  If,  therefore,  we  disregard  all  blood  that  is  pro- 
pelled upward,  and  make  a  compensating  abatement  from 
that  which  is  propelled  downward,  there  will  remain  a  certain 
mass  of  blood  which  at  each  contraction  of  the  heart  is  forced 

VOL.  XI.  35 


534  MB  GORDON. 

vigorously  downward,  and  which  therefore  must  give  rise  to  a 
recoil  in  the  opposite  {i.e.  upward)  direction.  Indeed,  the  case 
is  precisely  analogous  to  that  of  a  ball  propelled  from  a  gun, 
and  in  both  cases  the  vis  inertise  of  the  body  propelled  is  the 
principal  cause  of  the  reaction.  It  is  worthy,  of  remark  that  the 
analogy  is  not  vitiated  by  the  fact  that  in  the  one  case  the 
body  propelled  does  and  in  the  other  case  does  not  get  free 
of  the  system  to  which  it  originally  belongs.  For,  take  the 
case  of  the  gun :  Here  the  reaction  is  set  up  while  the  ball 
is  still  in  the  barrel ;  as  soon  as  the  ball  passes  the  muzzle,  and 
the  confined  gas  behind  it  is  set  free,  it  can  communicate  no 
more  motion  to  the  gun.  Suppose  then  a  target  of  sufiScient 
strength  attached  to  the  gun  and  held  at  a  short  distance  in 
front  of  the  muzzle.  In  this  case  the  ball  will  never  get  free 
of  the  system  to  which  it  originally  belongs,  but  its  opportunity 
of  generating  recoil  will  not  be  impaired  by  this  arrangement^ 
although  the  recoil  will  be  almost  immediately  checked.  This 
is  precisely  what  occurs  in  the  human  body.  The  projected 
mass  of  blood  is  checked  in  its  course,  not  indeed  by  any  rigid 
diaphragm,  but  by  the  elastic  walls  of  the  arteries  through 
which  it  flows.  But  so  long  as  it  is  actually  in  motion  the 
analogy  to  a  gun  is  complete. 

This  raises  another  point.  Whether  there  is  any  actual 
reflux  of  blood  in  the  principal  arteries,  or  whether  the  flow  is 
continuous,  but  variable,  is  not  assumed  in  the  above  pro- 
position, for  the  motion  there  referred  to  is  relative.  For 
example;  assuming  that  the  inward  flow  of  blood  in  the 
venous  system  compensates  the  outward  flow  in  the  arterial, 
it  will  be  evident  that  the  mean,  i.  e.  actual,  velocity  of  the 
venous  flow  must  lie  between  the  extreme  velocities  of  the 
arterial  flow*.  When,  therefore,  the  velocity  of  the  arterial 
blood  is  such  as  only  to  compensate  (or  produce  momentum 
equal  to  that  produced  by)  the  venous  flow,  this  blood  would 
be  said  to  have  no  relative  motion;  when  it  falls  below  this 
speed  there  is  a  relative  reflux,  and  a  recoil  is  produced  in  the 
opposite  direction.     If  therefore  the  vascular  system  be  con- 

1  More  accurately — the  momentnm  generated  in  the  venons  system  must  lie 
between  the  momentnm  generated  by  the  extreme  velocitiea  of  the  arterial  flow 
for  if  the  area  of  the  venous  system  ;  area  of  arterial  system =9 : 4,  the  arterial 
flow  at  its  slowest  might  conceivably  be  quicker  than  the  venous. 
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nected  with  a  weighing-macliine  by  means  of  tolerably  rigid 
Bupporto,  we  ought  to  have  an  obeervable  effect  produced  on 
the  weight  of  the  body,  whenever  the  posture  is  such  that  the 
blood  which  flows  through  the  descending  aorta  has  a  virtual 
velocity  in  the  direction  of  gravitation. 

With  these  facta  in  view  probably  my  readers  will 
concur  in  referring  the  phenomenon  to  the  cause  suggested 
her&  It  remuns  to  dlBCUsa  the  best  method  of  deriving  a 
spbj^mograph  from  the  motion  thus  caused.  The  most 
obvious  method  of  effecting  this  is  to  allow  the  index  of  a 
weighing-machine,  such  as  ia  described  above,  to  trace  out  a 
figure  in  the  ordinary  sphygmographic  manner.  By  sach  a 
process  Fig.  1  hos  been  produced  ;  of  which  it  may  be  remarked 
that  the  second  deflection  behaves  in  such  a  manner  as  to  leave 
but  little  doubt  of  its  being  a  representation  of  the  dicrotic 
wave.  With  less  certaiuty  the  third  deflection  may  be  re- 
ferred to  the  tricrotic  wave. 

Fig.  1.  Fig.  8. 


Id  Fig.  1  the  downstroke  whioh  ia  immedifttel^r  ancceeded  by  k  long  npiUoke 
ii  Bynohrmooa  with  the  systole :  the  next  dowiutroke  is  the  eecond  defleoUou 
retened  to  in  (he  text.  The  aprtrokeB  ue  to  be  legwded  meraly  m  indieatiug 
the  instrumental  lendeno;  to  restore  eqnilibrinm. 

In  Fig.  2  the  letters  beai  the  ssme  aignfflcunce  as  in  Dr  Oalabin's  fignres. 
Tideinfnk 

It  has,  however,  been  found  possible  to  substitute  for  this  pro* 
cess  one  much  more  satisfactory  in  every  respect.  It  will  be 
obvious  that  if  the  subject  be  placed  in  a  horizontal  position,  the 
internal  movements  which  in  the  perpendicular  position  caused 
the  weight  to  vary,  will  now  tend  to  produce  horizontal  motion ; 
and  if  the  body  be  free  to  move  will  actually  produce  a  move- 
ment, the  observation  and  r^stration  of  which  will  be  a  matter 
of  delicate  measurement  only.  By  employing  the  horizontal 
position  several  important  advantages  are  gained,  eg.  much 
greater  proximity  of  the  skeleton  to  the  supporting  framework 
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can  be  secured ;  and  the  resulting  figure  conforms  to  the  ordi- 
nary spbygmographic  type,  whereby  the  task  of  analysing  it  is 
greatly  simplified.  Accordingly  Fig.  2  was  produced  in  the 
following  manner.  A  frame  constructed  in  the  lightest  pos- 
sible form,  of  sufficient  size  to  allow  the  body  of  the  subject 
to  be  disposed  at  full  length  upon  it,  was  swung  by  four  ropes 
from  a  trestle  of  appropriate  size,  and  substantial  structure. 
This  frame  was  fitted  with  sliding  supports,  upon  which  the 
body  was  sustained  by  contact  at  those  parts  where  the  soft 
tissues  are  thinnest,  e,g.  the  spine  towards  its  extremities,  the 
sacrum,  ilia,  and  scapulsB.  The  body  thus  support^  ham- 
mock-wise has  a  movement  corresponding  to  that  observable 
by  means  of  a  weighing-machine,  and,  with  a  sphygmograph 
adapted  to  the  circumstances,  yielding  figures  like  the  one 
already  referred  to. 

It  will  be  observed  that  the  curve  so  obtained  is  remark- 
ably conformable  to  the  type  which  has  been  ascertained, 
by  experiments  made  under  special  circumstances,  to  be 
characteristic  of  the  aortic  flow.  If  Fig.  2  be  compared  with 
the  aortic  tracings  which  illustrate  Dr  Qalabin's  paper  on 
''Transformations  of  the  Pulse-wave,"  Journal  of  AnaL  and 
Phya.,  VoL  x.  p.  297  (see  especially  figs.  42  and  46,  PL  xrv.) 
the  correctness  of  this  statement  wiU  be  obvious.  I  would 
especially  call  attention  to  the  small  rise  w^  preceding  the  main 
up-stroke. 

It  would  seem  therefore  that  the  production  of  a  sphyg- 
mograph from  the  aortic  flow  in  a  human  subject  under 
perfectly  normal  conditions  is  a  matter  of  no  difficulty.  More- 
over, the  process  which,  though  indirect,  yields  results  of 
astonishing  delicacy,  is  capable  of  being  most  extensively  and 
instructively  varied. 


ON  A  NEW  FREEZING  MICROTOME  FOR  THE  PRE- 
PARATION OF  SECTIONS  OF  THE  BRAIN  AND 
SPINAL  CORD.— By  Bevak  Lewis,  F.R.M.S.,  of  the  West 
Elding  Asyhmi,  Wakefield 

The  older  method  of  hardening  tissues  by  chromic  acid  and  its  salts, 
preparatory  to  section-cutting,  will,  I  think,  be  generally  acknow- 
ledged as  inferior  in  many  respects  to  the  more  elegant  method  of 
freezing,  for,  besides  the  dehydration  which  is  produced,  we  dare 
not  presume,  with  our  present  knowledge,  to  affirm  that  objec- 
tionable chemical  changes  may  not  result  which  might  imfistvour- 
ably  affect  the  appearance  ntitural  to  the  tissue  elements  in  their 
physiological  or  pathological  state.  One  point  is  certain,  and  that  is, 
that  the  process  does  Tnatericdly  interfere  with  the  staining  and  differ- 
entiation obtainable  .by  perfectly  fresh  preparations  mounted  in  gly- 
cerine and  indifferent  media.  All  these  objections  apply  with  tenfold 
force  to  the  delicate  structures  of  the  nervous  system,  where  the  dimen- 
sion of  cells,  the  tracing  of  minute  fibrils,  connecting  branches,  and 
the  neuroglia  basis  are  all  more  or  less  modified  from  the  conditions 
natural  to  them  during  life.  That  this  assertion  is  not  made  hastOy, 
any  one  may  satisfy  himself  of,  by  contrasting  the  appearances  of 
fr^ly  stained  bi*ain  made  by  a  process  which  I  have  adopted  and 
described  in  the  MowtJdy  Microscopical  Journal  for  September,  1876, 
with  those  obtained  by  chromic-acid  hardening.  The  fresh  process 
alluded  to,  although  of  real  value  for  the  exhibition  of  minute  details 
in  the  brain  cortex,  has  one  decided  disadvantage.  I  refer  to  the 
alteration  of  the  natural  relationships  of  histological  elements.  This 
difficulty  I  endeavoured  to  overcome  by  the  application  of  the  freezing 
method,  in  spite  of  constant  statements  made  to  me  to  the  effect  that 
freezing  was  inapplicable  for  sections  of  the  brain  cortex.  As  rapid 
freezing  was  desirable,  I  was  compelled  to  dispense  with  the  use  of 
Pro£  Rutherford's  elegant  microtome,  and  contrive  some  apparatus 
which,  by  the  use  of  the  ether  spray,  should  meet  the  ends  in  view. 
For  sections  of  the  brain  and  spinal  cord  I  find  the  microtome  thus 
devised  invaluable,  no  imbedding  being  required  and  the  tissue  being 
frozen  sufficiently  hard  for  the  finest  possible  sections  to  be  cut  from 
it  in  from  twenty  to  thirty  seconds,  I  have  obtained  also  by  its  use 
most  satisfactory  sections  of  the  solid  viscera  of  the  abdomen,  but 
chiefly  employ  it  for  sections  of  the  nervous  system. 

The  instrument  consists  of  three  portions :  (1)  an  ordinary  Stirling's 
microtome  ;  (2)  a  section-plate ;  (3)  a  freezing  and  condensing  cham- 
ber. The  simplicity  of  the  arrangement  will,  I  trust,  recommend  its 
use  amongst  my  fellow- workers  in  the  department  of  cerebral  histo- 
logy. 

Reference  to  the  accompanying  woodcut  will  place  the  reader  in 
possession  of  the  plan  upon  which  this  instrument  has  been  con- 
structed. The  section-plate  (a)  is  riveted  by  a  brass  arm  to  the 
microtome  (f>).     The  freezing  compartment  (c)  consists  of  a  cylinder 


(d)  and  a  coadensing  chamber  («),  the  Utter  bemg  formed  of  bran 
with  a  Bloping  floor  leading  to  tne  exit-tnbe,  which  is  provided  viUi  a 


Btop-cock  (/).  The  C7liDder  is  capped  with  tin-foil  stretched  acrosa 
it  and  has  an  orifice  (d)  through  which  the  nozzle  of  the  spray  appa- 
ratus is  introduced.  In  uaiug  this  instrument  it  is  only  necessary  to 
bring  down  the  cap  of  die  cylinder  from  one-fourth  to  three-eighths 
of  an  inch  below  the  level  sur&oe  of  the  section-plate,  and  to  place  in 
it  a  section  of  brain  of  about  tlie  same  thickneis.  The  spray  instro- 
ment  is  inserted  at  the  orifice,  and  by  the  ordinary  double  elastic 
balls  a  free  play  of  ether  beneath  the  cap  freezes  the  tissue  in  from 
twenty  to  thirty  seconds  or  less.  On  withdrawing  the  spray  instm- 
ment,  the  slight  play  of  ether,  still  continuing  from  the  remaining 
tension  of  the  elastic  ball,  is  atiliaed  by  being  carried  rapidly  along 
the  surfaces  of  the  section-blade,  and  then  the  finest  possible  sections 
may  be  cut  with  great  ease.  The  consistence  of  nerrous  structures, 
when  thns  fivsen,  is  really  exqnisite  for  sectiott-cutting,  and  the 
tissue  remains  rigidly  adherent  to  the  capped  top  of  the  cylinder. 

Perfect  steadiness  of  the  freemig  chamber  is  ensured  by  soldering 
it  to  the  microtome  plug,  and  it  can  be  readily  removed  from  its 
position  by  throwing  back  the  section-plate,  a  movement  allowed  for 
by  the  hinge-joint  (tf).  The  advantages  aocroing  from  the  use  of  l^iis 
simple  instrument  are  sufficiently  obvious  with  regard  to  sections  of 
the  brain  and  spinal  cord  The  tedious  process  of  chmme-hardening, 
occupying  the  period  of  three  to  four  weeks,  or  longer,  is  reduced  to 
one  of  extreme  simplicity,  in  which  a  few  seconds  give  us  the  sanie 
results ;  the  sections  thus  produced  being  la  every  way  as  delicate 
and  thin,  and  free  from  the  injurious  effects  of  chemical  reagent,  no 
shrinking  of  tissue  being  recognised  and  the  film  remaioiug  in  the 
most  periectly  natural  condition  as  regards  relationship  and  size  of 
its  individual  elements.  Kor  is  this  the  only  result  obtuned,  for, 
sections  thus  prepared,  immediately  demonstrate  the  aatagonistlo 
action  of  the  hardening  reagents  in  the  succeeding  st^^  of  stalDing 
and  diflerentiation.  Sections  by  the  freezing  process  retain  their 
susceptibility  for  staining  to  a  degree  never  met  with  in  the  latter, 
the  results  being  in  every  respect  ec[usl  to  those  obtained  by  the  fresh 
method  before  alluded  ta 
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I  would,  therefore,  claiin  for  this  method  all  the  advantages  of  the 
older  process  of  hardening,  together  wich  those  of  the  fresh  teasing 
method,  whilst  the  disadvantfl^ieB  of  the  former  are  entirely  averted ; 
and  on  these  grounds  I  see  no  reason  why  it  should  not  take  pre- 
cedence in  the  preparation  of  the  nervous  structures  for  physiological 
and  pathological  purposes. 

[After  writing  the  above  article  I  was  referred,  through  the 
courtesy  of  Prof.  Turner,  to  the  Jowmal  of  Anatomy  for  April,  1876, 
where  I  find  that  the  principle  of  freezing  by  ether  had  already  been 
adopted  by  Mr  Hughes.  In  his  Microtome,  however,  the  spray  is 
not  so  directly  brought  to  bear  upon  the  tissue,  which  consequently 
requires  from  five  to  eight  times  as  long  a  period  to  freeze,  with,  of 
course,  a  corresponding  increase  in  the  loss  of  ether  :  this  is  of 
material  import  when  absolute  anaesthetic  ether  is  employed.] 


NOTE  ON  A  CONNECTING  TWIG  BETWEEN  THE  AN- 
TERIOR  DIVISIONS  OF  THE  FIRST  AND  SECOND 
DORSAL  NERVES.— By  D.  J.  Cunningham,  M.D.,  Smior 
Demo7istr<Uor  of  Anatomy  in  the  Univeraiiy  of  Edinburgh. 

In  the  course  of  my  dissections  of  the  spinal  nervous  system  of  the 
Porpoise  and  Dolphin \  I  was  interested  to  find  in  the  latter  a  well- 
marked  branch  given  to  the  brachial  plexus  by  the  anterior  division  of 
the  second  dorsal  nerve.  In  a  conversation  with  Professor  Allen 
Thomson,  of  Glasgow,  during  the  last  meeting  of  the  British  Associa- 
tion, I  instanced  this  as  being  one  of  the  few  points  in  which  the 
brachial  plexus  in  these  animals  differed  from  the  brachial  plexus  in 
man.  I  was  surprised  when  Professor  Allen  Thomson  told  me  that 
he  had  on  one  or  two  occasions  seen  such  a  nerve  in  the  human  sub- 
ject, and  that  he  believed  it  to  be  not  at  all  an  unusual  occurrence. 
In  the  last  edition  of  Quain's  AnxUomy^  however,  there  is  no  reference 
to  it,  nor  indeed  is  it  mentioned  in  any  of  our  text-books.  It  is 
curious  also  to  find  it  altogether  imnoticed  in  Henle,  Hirschfeld  and 
LeveilU,  and  in  "  The  Anomalies  of  the  Nerves/'  by  Krause. 

Judging  this,  therefore,  to  be  a  matter  of  some  little  importance, 
I  determined  to  make  a  number  of  dissections  of  the  second  dorsal 
nerve,  in  order  that  the  question  might  be  cleared  up.  By  these  I 
have  made  out  that  the  connecting  link  between  the  second  and  first 
dorsal  nerves  is  present,  in  some  form  or  other,  so  frequently,  that  it 
almost  deserves  to  be  considered  as  a  normal  arrangement.  The 
following  is  the  result  of  these  dissections : — 

Frequeruyy  of  Occv/rreTice, — In  all  I  have  made  37  dissections. 
In  ten  of  these  I  failed  to  find  the  branch  in  question,  but  five  of 

^  Vide  Journal  of  Anatomy  and  Physiology,  Vol  xi.  Jan.  1877. 
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these  cases  most  be  regarded  as  being  doabtful,  either  from  the  fiict 
that  the  part  had  been  preyiously  interfered  with  by  the  dissector  of 
the  thorax,  or  from  the  dissection  having  been  rendered  difficult  by 
pleuritic  adhesions  and  thickening. 

Size. — ^In  the  27  cases  in  which  I  found  it,  it  varied  greatly  in 
size.  Sometimes  it  was  very  large ;  at  other  times  extremely  fine, 
and  seen  only  with  difficulty.  In  one  case,  that  of  a  child,  apparently 
about  four  years  old,  it  was  quite  as  large  as  the  ulnar  nerve  in  the 
same  subject.  This  la  to  be  regarded,  however,  as  very  unusual, 
because,  as  a  rule,  it  is  very  small,  and  certainly  not  larger  than  the 
nerve  of  Wrisberg.  Sometimes  it  is  doable;  and  on  one  occasion 
there  were  three  present  on  the  same  side,  all  of  course  beiDg 
minute. 

Cormections, — It  springs  from  the  anterior  primary  division  of 
the  second  dorsal  nerve,  close  to  its  origin;  it  passes  up  over  the 
neck  of  the  second  rib  in  close  relation  to  the  branch  from  the  superior 
intercostal  artery,  which  descends  to  the  second  intercostal  space,  and 
usually  ends  by  joining  both  the  brachial  and  the  intercostal  divisions 
of  the  first  dorsal  nerve.  It  may,  however,  end  entirely  in  the  one 
or  in  the  other ;  when  it  is  double,  one  goes  to  each  of  the  divisions 
of  the  first  dorsal  nerve ;  and  in  the  solitary  case,  where  there  were 
three  twigs,  two  went  to  the  brachial  division  and  one  to  the  inter- 
costal division.  In  passing  up  in  front  of  the  neck  of  the  second  rib 
it  is  frequently  joined  by  sympathetic  filaments. 

I  regret  that  I  have  not  sufficient  data  to  prove  whether  or  not 
this  little  nerve  from  the  second  dorsal  to  the  brachial  plexus  is  in- 
fluenced in  its  size  by  that  of  the  intercosto-humeral  branch  of  the 
same  nerve.  It  is  my  strong  impression,  however,  that  it  is,  because 
in  one  case  where  I  had  an  opportimity  of  examining  both,  I  found 
that  the  connecting  nerve  from  the  second  dorsal  to  the  plexus  was 
very  large,  whilst  its  intercosto-humeral  branch  was  extremely  small; 
further,  the  lesser  internal  cutaneous  in  the  same  subject  was  some- 
what lai^r  than  usuaL 
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Nervous  System. 

Brain. 

On  the  Functions  op  the  Brain  in  the  Newly-Born. — O.  Solt- 
mann  (Jahrh.  fur  Kinderheilk,  Band  ix.  and  Centralblatty  No.  23, 
1876). — ^The  chief  differences  in  the  structure  of  the  brain  of  the 
adult  and  the  newly-born  exist  specially  in  the  cerebrum,  as  the 
seat  of  the  will  and  intelligence.  The  author  expenmented,  after 
Hitzig's  method,  on  newly-born  rabbits  and  dogs,  to  ascertain 
whether  the  movements  which  are  discharged  by  the  impulse  of  the 
will  from  the  gray  matter  are  also  present  in  the  newly-born.  It 
was  noticed  that  in  removing  the  dura  pain  was  produced,  but  no 
convulsions.  It  was  shown  that  on  the  tenth  day  of  extra-uterine 
life  the  "  centre  "  for  the  anterior  extremities  was  formed  (all  other 
centres  were  absent),  and  at  this  time  occupied  a  greater  area  than 
at  a  later  period.  The  same  is  true  of  the  area  for  the  posterior 
extremities,  which  appears  about  the  thirteenth  day.  These  pro- 
vinces gradually  become  limited,  and  on  the  sixteenth  day  they 
are  well-defined  (e.g,  the  centre  for  the  anterior  and  posterior 
extremities  and  facialis).  No  doubt,  individual  peculiarities  and 
those  of  race  affect  the  development  and  localisation  of  the  in- 
dividual centres.  Coinciding  with  the  above,  destruction  of  the 
cortical  area  within  the  first  ten  days  produced  no  symptoms  of 
paralysis  or  ataxia.  Even  when  the  animals  survived,  no  observable 
disturbances  occurred  later— even  in  one  dog,  where  the  cortex  was 
destroyed  in  both  sides.  At  eight  weeks  this  animal  was  small  and 
plump,  and  those  animals  operated  on,  on  only  one  side,  were  in  a 
similar  condition. 

In  order  to  test  whether  the  deeper  parts  of  the  brain  of  the 
newly-born  are  excitable  or  not,  isolated  needles  were  introduced 
and  the  corpora  striata  stimulated.  By  stimulating  them  it  was  im- 
possible to  produce  contractions :  but  from  the  fibres  of  the  capsula 
interna  contractions  of  the  opposite  anterior  extremities  were  pro- 
duced. The  point  to  be  irritated  varied  with  the  individual  and  with 
age.  It  was  most  certain  on  stimulating  the  fibres  passing  between 
the  corpus  striatum  and  the  optic  thalamus,  even  at  the  time  tohen 
no  effect  coidd  be  obtained  from  the  cortex. 

The  most  probable  cause  of  the  absence  of  effect  on  stimulating 
the  brain  of  the  newly-born,  is  probably  due  to  the  fact  that  at  so 
early  a  period  the  fibres  are  not  all  covered  by  a  white  substance 
of  Schwann,   so  that  the  channels  are  not  well  isolated.     How 

1  Authors  are  invited  to  eend  copies  of  their  papers  to  Dr  Stirling,  Physio- 
logioal  Laboratory,  University  of  Edinburgh. 
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imperfect  the  cerebral  functions  are  may  be  shown  by  the  following 
experiment: — Both  hemispheres,  with  corpora  striab^  of  a  newly- 
born  dog  were  extirpated,  so  that  it  retained  the  optic  thalami  and 
corpora  quadrigemina,  and  all  the  movements  previously  exhibited 
by  the  animal  took  place  as  before.  As  a  proof  that  after  extirpa- 
tion of  one  hemisphere  the  other  may  act  for  the  removed  one, 
the  author  gives  the  following  experiment: — From  a  dog  four  days 
old  the  whole  pre-frontal  lobe  and  part  of  the  post-frontal  on  the 
left  side  were  removed.  When  after  three  months  the  rig/U  centre 
for  the  anterior  extremity  was  exposed  and  stimulated,  not  only  tlie 
left  but  also  the  right  forefoot  responded. 

On  the  Electrical  Excitability  of  the  Cjsbebruh  of  the 
Fboo.— O.  Langendorff  (GerUralblaU,  No.  53,  1876)  finds,  1.  That 
stimulation  of  certain  parts  of  the  hemisphere^  with  a  weak  constant 
or  interrupted  current  can  produce  movements  of  the  trunk-mnsdes 
in  the  frog.  2.  On  simultaneous  stimulation  of  both  heniispherpfl 
movements  occur  in  all  four  extremities  and  some  of  the  muscles 
of  the  trunk.  On  unilateral  stimulation  movements  occur  in  the 
trunk,  and  in  the  extremity  of  the  opposite  side.  3.  The  "  irritable 
zone"  lies  in  the  parietal  area.  Stimulation  of  the  other  parts  is 
without  results  if  weak  currents  are  used.  4.  The  movements 
disappear  after  complete  severance  of  the  brain  from  parts  lying 
more  posteriorly.  5.  Narcosis  from  ether  abolishes  the  electrical 
excitability  of  the  cerebrum,  whilst  it  is  not  affected  by  complete 
vascular  depletion.  [The  results  therefore  correspond  exactly  to 
what  has  been  found  in  other  animals.] 

Electbical  Stimulation  of  the  Bbain.  — C.  Fdratner  (-ircA^  /l 
Faych,  vi.  719)  has  repeated  the  HitzigrFerrier  experiments  on 
rabbits  and  dogs,  and  obtained  similar  results  in  the  muscles, 
though  the  'centres'  stimulated  differ  somewhat  from  those  in- 
dicated by  Ferrier.  After  movements  were  often  observed,  especially 
in  the  area  supplied  by  the  facial  nerve.  Sometimes  in  dc^ 
circumscribed  muscular  movements  could  be  obtained  by  stimulating 
those  parts  lying  between  centres. 

"On  the  Physiology  and  Pathology  of  the  Cerebral    Cortex.** 

A.  Eulenburg,  Berlin,  Klin.   Woclienscfir,  No.  42  and  43,  1876. 

"  On  the  Functions  of  the  Corpora  Quadrigemina."     Kohts,  FtrdL 

Arch,  Lxvii.  p.  425.      A  clinical  case. •*  On  the  influence  of  the 

Form  of  the  Skull  in  the  Direction  of  the  Convolutions  of  the 
Cerebrum.'*     Ludwig  Meyer  {Centralblattf  No.  43,  1876). 

On  the  Functions  op  the  Bbain,  by  Dr  D.  Ferrier.  Smith, 
Elder  &  Co.,  1877. 

Spinal  Cord. 

"On  a  difference  in  the  Keflex  Functions  of  the  Medulla 
Oblongata  and  the  Spinal  Cord  in  the  Rabbit.*'  Owsjannikow, 
Lvdimg's  Arbeiten^  1875,  457. — — "  On  Certain  Peculiarities  of  Move^ 
ments  produced  by  Mechanical  Stimulation  of  the   Cranial   Dura 
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Mater/*      Bochefontaine,    CompCea   renduSf    lxxziii.    No.    6,    and 
Centralblatt,  No.  47,  1876. 

Mechanik  deb  Nbrven  xtnd  Nerven-Oentrek.  Von  W,  Wundt, 
Zweite  Abtheilung,  Stuttgart,  1876.  We  propose  in  our  next  Report 
to  refer  fully  to  this  important  contribution  to  our  knowledge  of 
Keflex  Action. 

Investigatioks  on  Reflex  Action.    J.  Rosenthal  (Siizungab,  d. 
phys,  med.  Ges,  zu  ErUmgen^  10th  May,   1875)  has  continued  his 
researches  on  this  subject  (this  Jowmaly  vni.    182),  and  finds  that 
in  the  normal  condition  after  every  sensory  stimulation  of  the  lower 
extremities  of  a  frog  there  is  flexion ;  after  poisoning  with  strychnine 
only  extensor  movements  take  placa     The  difference  between  the 
''flexor-reflex"  and  the  ''extensor-reflex"  consists  in  this,  that  in 
poisoning  by  strychnine  the  tsobenaum  of   the   reflex  to  channels 
which  usually  offer  great  resistance,  is  fS&cilitated.     Poisoning  with 
strychnine  &cilitates  the  occurrence  of  reflex  movements.      Still 
this  increase  of  the  reflex  excitability  is  quite  inconsiderable.     The 
results  already  (/oc.  ct&)  given  for  the  "reflex  time,"  and  "time  of 
transverse  conduction"  are  valid,  as  well  for  a  flexor  as  for  an 
extensor-reflex.     The  absolute  value  of  these  times  is  diminished 
by  strychnina     The  diminution  is  more  considerable  for  the  time 
of  transverse  conduction  than   for  that  of  the  reflex  time.     The 
rapidity  in  the  transmission  of  the  excitement  in  motor  nerves  is 
independent  of  the  strength  of  the  stimulus.     A  stimulus  of  just 
sufficient  strength  gives^  exactly  the  same  values  as  over-maximal 
stimuli.     Stzychnine    poisoning  has  no  effect  on  the  rapidity  of 
propagation  of  excitement  in  motor  nerves.     Cooling  of  the  motor 
nerves  diminishes  the   excitability  very  considerably.     The   reflex 
time,  and  the  time  of  transverse  conduction,  are  thereby  considerably 
lengthened,  the  latter  to  a  greater  extent  than  the  former.      Al- 
though every  part  of  the  spinal  cord  under  certain  circumstances 
is  able  to  convey  a  reflex  excitement,  stiU  the  transference,  and 
especially  the  txansverse  conduction,  does  not  take  place  equally 
easily  in  all  parts  of  the  cord,  and  certainly  not  always  at  the  place 
where  the  nerves  may  enter.     The  transference  of  reflex  excitement 
and  the  transverse  conduction  take  place  most  easily  in  the  medulla 
oblongata.      If  the  connection  of  the  peripheral  nerves  with  the 
medulla  is   interrupted,   stimuli  which    were    previously    effective 
l>ecome   ineffective,   whilst  over-maximal   stimuli  are    still    active. 
Weak  stimuli  always  give  only  a  unilateral  reflex,  strong  stimuli 
a  bilateral  reflex.     The  transverse  conduction  in  the  cord  therefore 
takes  place  less  easily  than  the  transference  of  the  excitement  firom 
the  sensory  to  the  motor  nerves  on  the  same  side  of  the  end.     Weak 
stimuli,  of  themselves  ineffective,  may  discharge  a  reflex  by  being 
superimposed  one  on  the  other.     There  is  therefore  a  summation 
of  sensory  irritations  in  the  spinal  cord.     [As  was  shown  by  the 
Reporter,  Joumal  of  AntU.  cmd  Phya.  x.  304. J 

Observations  on  Reflex  Inhibition. — H.   Nothnagel   {Arch. 
fUr  Psych.  Bd.  vi.)  observed  that  in  several  patients  suffering  from 
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disease  of  the  spinal  cord,  and  who  showed  the  knee-foot-phenoment 
(patellar  tendon  reflex),  he  could  bj  pressure  on  the  crural  or  ischi- 
atic  nerve  of  the  same  or  of  the  other  side,  cause  this  phenomeDon  to 
disappear  on  both  sides.  That  in  this  case  it  is  not  due  to  pr^suiB 
on  the  nerve  interrupting  a  convulsive  irritation  proceeding  oentri- 
fugally  from  the  cord,  is  concluded  by  the  author  from  the  circum- 
stance that  pressure  on  the  cruralis  also  inhibits  the  movements  in 
the  area  supplied  by  the  ischiatic,  and  pressure  on  the  nerve-trunk  of 
one  limb  arrests  the  movements  in  the  other.  There  is  here  rather  a 
centripetal  impression,  for  the  pressure  affects  all  the  sensory  fibres 
of  the  nerve-trunk.  Stimulation  of  the  expansions  of  the  nerves 
in  the  skin  (electric  stimulation,  powerftd  compression  of  the  limbs) 
was  without  effect.  In  those  cases  where  impressions  proceed  from 
a  pathologically  altered  cord,  an  abnormally  strong  stimulus  musl 
be  applied  to  the  trunk  of  the  nerve  in  order  to  produce  a  reflex 
inhibition.  Further,  as  the  galvanic  excitability  of  the  nerve-tronka 
was  not  increased,  nevertheless  as  pressure  exercised  on  them  not 
only  inhibited  movements,  but  also  discharged  others,  the  author 
assumes  that  there  was  an  increased  mechanical  excitability  of  the 
nerve  trunks. 

General  Physiology  of  Nerves, 

"  On  transverse  conduction  of  currents  through  Nerves."    A.  Fick, 

Arbeit,  aua  d,  Wiirzb.  Hochschuley  p.  270. **  On  partial  stimulation 

of  Nerves."     H.  Munk,  Reichert  und  du  Boi8\  Arch.  1875,  41. 

"The   transverse  conduction   through   Nerves  during  stimulation.* 

L.  Hermann,  Pfliiger'a  Arch.  xii.  151,  and  CerUralblatt,  No.  39. 

"  On  unipolar  excitation  of  Nerves."     A.  Chauveau,  Camples  renduSy 

Lxxx.  779  and  lxxxvi.  1038,  and  CerUralhlatt,  No.  37. "  On  the 

rapidity  of  the  Nervous  Current  in  Sensory  Nerves."  Bloch,  Arch,  de 
Phyaiolog.  1875,  and  Gentralhlatt^  No.  38. 

On  the  cjonditions  for  the  Persistence  of  Sensibility  in  the 
PERIPHERAL  END  OP  DiviDED  Nerves. — Ai'loing  and  Tripier  {Arch, 
de  Phys.  1876,  11)  arrived  at  the  following  results: — 1.  The  facial 
nerve  and  spinal  nerves  of  solipeds  and  rodents,  like  the  camlvoiay 
possess  recurrent  sensibility.  2.  In  order  to  detect  it,  the  parts  situate 
most  peripherally  must  be  investigated.  3.  The  peripheral  end  of 
the  trigeminus  is  sensitive.  This  is  difficult  to  prove,  but  still  it 
exists.  4.  In  all  cases  the  peripheral  nerve-ends  owe  their  sensi- 
bility to  nerve-tibres  whose  connections  with  the  i^ophic  and  per- 
ceptive centres  are  not  interrupted.  5.  If  these  nerve-tubes  are 
divided,  the  peripheral  end  is  also  insensitive.  6.  For  the  fitdal 
nerves  these  fibres  originate  from  the  trigeminus  ;  for  the  purely  sen- 
sory nerves  (trigeminus)  from  the  neighbouring  branches  and  from 
the  nerves  of  the  other  side;  for  mixed  nerves  from  neighbouring 
nerves  and  their  own  homologues.  7.  The  recurrent  fibres  aaoend 
in  the  nerves  to  which  they  are  distributed  for  a  shorter  or  longo' 
distance  (centrally) ;  their  nimiber  diminishes  from  the  periphery  to 
centre.     8.   The  return  of  these  fibres  occurs  chiefly  at  the  perifrfiery. 


REPORT  ON  PHYSIOLOGY.  646 

Restoration  op  Sensibility  after  section  op  Nerves. — 
Arloing  and  Tripier  showed  that  if  all  the  nerves  of  an  extremity 
in  a  dog  are  divided  except  one,  the  sensibility  is  retained  to  a 
greater  or  less  extent  throughout  the  whole  limb.  W.  Mitchell 
(Amer.  Jour,  of  Med,  Sc.  1876,  321)  finds  that  the  same  is  true  in 
the  case  of  man.  The  sensibilitv  in  a  limb  with  divided  radial  and 
median  nerves,  is  rapidly  restored,  and  that  not  by  simple  restitution 
and  new  formation  of  fibres,  for  the  return  of  sensibility  is  observed 
before  the  motor  portions  of  the  Jierves  have  united,  as  is  shown  by 
the  muscular  atrophy  and  the  absence  of  reaction  even  to  the  strong- 
est electrical  stimuli.  All  the  various  qualities  of  sensation  do  not 
return  to  an  equal  degree ;  thus  the  sense  of  pain  and  touch  may 
be  almost  normal,  whilst  that  of  temperature  often  remains  quite 
destroyed,  or  at  least  highly  disorganised. 

Va8(Hnotor  N'erves. 

On  the  Thermal  Effects  of  Operations  on  the  Nervous  Sys- 
tem AND  their  Relation  to  Vaso-motor  Nerves. — A.  Eulenburg,  and 
L.  Landois  {Virch.  Arch,  Lxvi.  and  Lxviii.),  by  means  of  Dutrochet's 
Thermo-Electric  Elements  and  an  Electro- Galvanometer,  reinvesti- 
gated the  efifect  of  stimulation  of  the  cervical  sympathetic  in  its 
continuity  in  the  rabbit,  on  the  temp,  of  the  ear  on  the  same  side. 
At  once  there  was  a  cooling,  which  lasted  16 — 20  sees,  longer  than 
the  stimulation,  to  be  followed  by  an  increase  of  temperature  which 
exceeded  the  original  value. 

Sections  of  tiie  cervical  sympathetic  produced  at  first  a  cooling 
of  YJi — nr*^^*»  l^ti^g  only  however  10  sees,  and  followed  by  a  rapid 
increase  of  several  degrees  in  the  ear  of  the  same  side,  whilst  stimula- 
tion of  the  peripheral  cut  end  caused  the  temp,  to  fall  at  once.  In 
dogs  slightly  curarised  the  temperature  of  the  foot  gradually  rose 
2^ — 3*^  0.  after  division  of  the  sciatic  nerve ;  the  temp. .  falls  again 
however  on  stimulating  the  peripheral  cut  end,  generally  afler  a 
latent  period  of  16  sees.  After  a  certain  time  the  temp,  does  not 
sink  any  further,  but  gradually  rises  again.  If  the  stimulus  is  again 
applied,  the  temp,  again  falls  after  a  longer  latent  period,  but  to 
a  less  extent  than  by  the  first  stimulation. 

Eye. 

''On   Ophthalmoscopic   Phenomena  cited   as  Signs  of  Death." 

J.  Gayat,  Ann,  d'ocvl.  lxxiii.  6  and  Gentralhlatt,  No.  46,  1876. 

"An   Optometer."     BadaJ,    Ann,   d^ocid,    lxxv.   101. "On  the 

reflex  in  the  Begion  of  the  Macula.''  Brecht^  v,  Grd/e*8  Arcli, 
ryi.  1.  *'  On  the  Field  of  Vision."  Schneller,  v,  Grd/e^s  Arch. 
xxh  133. 

On  Photo-chemical  Processes  in  the  Bbtina. — Kiihne  com- 
municated on  January  6th  to  the  Natu/r-historisch-MedicinUcIier 
Verein,  of  Heidelberg,  a  paper  on  the  above  subject. 
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A  short  time  sinoe,  Boll  {Ber.  d,  k.  Jead.  zu  Berlin^  12.  Nor« 
1876)  communicated  to  the  Berlin  Academy  the  remarkable  fact  that 
the  external  layer  of  the  retina,  t.«.  the  layer  of  rods  and  cones, 
possesses  in  all  UviDg  animals  a  purple  colour.  During  life,  according 
to  Boll,  the  peculiar  colour  of  the  retina  is  perpetually  beiug  destroyed 
by  the  light  which  penetrates  the  eye :  darkness,  however,  restores 
the  colour,  which  vanishes  for  ever  almost  immediately  after  death* 

The  wonderfully  suggestive  nature  of  Boll's  discovery  led  Kfihne 
to  repeat  his  observations ;  in  doing  so,  whilst  he  has  confirmed  the 
fundamental  statement  of  Boll,  he  has  ascertained  a  number  of  new 
facts  of  great  interest. 

Kdhne's  observations  were  made  on  the  retime  of  frogs  and 
rabbits.  In  the  first  place,  implicitly  relying  upon  the  statements 
of  Boll,  he  examined,  as  soon  as  possible  after  death,  the  retine 
of  animals  which  had  been  kept  for  some  time  in  darkness.  He 
soon  found  that  the  beautiful  purple  colour  persists  after  death,  if  the 
retina  be  not  exposed  to  light;  that  the  bleaching  takes  place  so 
slowly  in  gas-light,  that  by  its  aid  the  retina  can  be  prepared  and  the 
changes  in  its  tint  deliberately  watched  ;  that  when  illuminated  witli 
monochromatio  sodium  light,  the  purple  colour  does  not  disappear 
in  from  twenty-four  to  twenly-eight  hours,  even  though  decomposi- 
tion have  set  in. 

These  first  observations  of  Ktthne  on  the  vision-purple  (Sehpur- 
pur),  as  he  terms  it,  whilst  they  showed  that  the  disappearance  of  the 
colour  is  not,  as  Boll  had  asserted,  a  necessary  concomitant  of  death, 
removed  many  of  the  difficulties  which  stood  in  the  way  of  a  careful 
investigation.  Carrying  out  his  preparations  in  a  dark  chamber  illu- 
minated by  a  sodium  flame,  Kiihne  was  able  to  discover  the  condi- 
tions necessary  to  the  destruction  of  the  vision-purple  as  well  as  some 
fEkcts  relating  to  its  restoration  or  renewal. 

As  long  as  the  purple  retina  is  kept  in  the  dark  or  is  illuminated 
only  by  yellow  rays,  it  may  be  dried  upon  a  glass  plate  without  the 
tint  changing;  the  colour  is  not  destroyed  by  strong  solution  of 
ammonia,  by  saturated  solution  of  common  salt,  or  by  maceration  in 
glycerine  for  twenty-four  hours.  On  the  other  hand,  a  temperature 
of  lOO^C.  destroys  the  colour,  and  alcohol,  glacial  acetic  add,  and 
strong  solution  of  sodium  hydrate  produce  the  same  effect. 

Kuhne's  next  observations  were  directed  to  the  discovery  of  the 
influence  of  light  of  different  colour  upon  the  vision-purple.  It  would 
appear  that  the  more  refrangible  rays  of  the  spectrum  have  the 
greatest  action,  and  that  the  red  rays  are  as  inactive  as  the  yellow. 

KUhne  now  found  the  incorrectness  of  Boll's  assertion,  that  the 
retina  of  the  living  eye  exposed  to  ordinary  daylight  does  not  exhibit 
the  vision-purple,  for  on  preparing  the  eyes  of  animals  which  had 
just  been  exposed  to  light,  as  rapidly  as  possible  in  the  chamber 
illuminated  by  sodium  light,  he  discovered  that  the  retina  was  of  p, 
beautiful  purple.  It  was  only  when  eyes  were  exposed  for  a  con- 
siderable time  to  the  direct  action  of  the  sun's  rays  that  a  fading 
of  the  purple  colour  was  perceived* 

A  most  suggestive  experiment  now  threw  some  light  upon  the 
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circumstances  which  retard  the  decolorisation,  and  which  restore  the 
vision-purple.  The  two  recently  extirpated  eyes  of  a  frog  were  taken ; 
from  one  the  retina  was  removed,  whilst  an  equatorial  section  was 
made  through  the  other  eye,  so  as  to  expose  the  retina  and  still  leave 
it  in  sitiL  Both  preparations  were  exiK>sed  to  diffnse  daylight,  until 
the  isolated  retina  had  lost  its  puqjle  colour.  On  now  taking  the 
other  prei>aration  into  the  yellow  chamber  and  removing  the  retina, 
it  was  found  that  its  colour  yet  remained  ;  it  was  darkenedy  but  was 
bleached  when  exposed  in  its  naked  condition  to  daylight. 

This  experiment  was  confirmed  by  others,  in  which  the  effect  of 
strong  sunlight  was  substituted  for  that  of  ditfuse  daylight. 

But  the  most  curious  results  of  Prof.  Kilhne's  experiments  have 
reference  to  the  restoration  of  the  vision-purple.  If  an  equatorial 
section  be  made  through  a  recently  extirpated  eye,  and  a  flap  of 
retina  be  lifted  up  from  the  underlying  choroid  and  exposed  to  light, 
the  purple  colour  of  the  flap  will  be  destroyed,  whilst  the  colour  of 
the  rest  of  the  retina  persists.  If,  however,  the  bleached  portion  of 
the  flap  be  carefully  replaced,  so  that  it  is  again  in  contact  with  the 
inner  surface  of  the  choroid,  complete  restoration  of  the  vision-purple 
occurs.  This  restoration  is  a  function  of  the  living  choroid,  probably 
of  the  living  retinal  epithelium  {Le.  of  the  hexagonal  pigment-cells, 
which  used  formerly  to  be  described  as  a  part  of  the  choroid),  and 
it  appears  to  be  independent  of  the  black  pigment  which  the  retinal 
epithelium  normally  contains.  As  it  is  absolutely  dependent  upon 
the  life  of  the  structures  which  overlie  the  layer  of  rods  and  cones, 
it  is  natural  that  it  should  be  observed  to  occur  for  a  longer  time 
after  somatic  death  in  the  frog  than  in  the  rabbit. 

Ktthne*s  researches,  though  suggested  by  the  interesting  obser- 
vation of  Boll,  have  not  only  corrected  many  eiTors  which  that  ob- 
server had  committed,  but  have  led  to  the  discovery  of  facts  which 
add  immensely  to  the  importance  of  the  newly  observed  vision-purple. 

They  have  shown  that  the  living  retina  contains  a  substance 
which  under  the  influence  of  light  undergoen  chemical  changes,  which 
vary  in  intensity  according  to  the  intensity  and  character  of  the 
luminous  rays,  and  they  point  to  the  existence  of  structures  in  con- 
nection with  the  retina  which  as  long  as  they  are  alive  are  able 
to  provide  fresh  stores  of  substance  sensitive  to  light. 

Since  the  above  account  of  Kilhne's  researches  was  written,  he 
has  published  in  the  CentrcUblatt  (1877,  Nos.  3  and  4)  a  short  paper, 
in  which  he  announces  the  startling  confirmation  to  his  previous 
researches  aflbrded  by  his  having  been  able  to  obtain  actual  images 
on  the  retina  which  cotresponded  with  objects  which  had  been 
looked  at  during  life. 

The  discoveries  of  Boll  and  Kiihne  must,  as  the  latter  remarks, 
have  led  to  the  thought  that  after  all  there  might  be  some  truth 
in  the  stories  which  we  aU  have  heard  of  things  seen  in  death  being 
left  imprinted  upon  the  eye.  After  his  first  researches  Kiihne  en- 
deavoured over  and  over  again  to  observe  on  the  retina  of  rabbits 
bleached  spots  corresponding  to  the  images  of  external  objects,  but 
his  endeavours  failed.     As  Ktihnc  remarks,  and  as  all  readers  who 
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have  understood  hiB  experiments  will  allow,  in  order  to  obtain  a 
permanent  photograph,  or,  as  he  terms  it,  optogrammey  ihe  efiect 
of  the  light  would  have  to  be  so  prolonged  or  so  intense  as  to 
destroy  the  balance  between  the  destruction  of  the  vision-purple  and 
the  power  of  the  retinal  efuthelium  to  restore  it. 

Kilhne  took  a  coloured  rabbit  and  fixed  its  head  and  one  of  its 
eye-balls  at  a  distance  of  a  metre  and  a  half  from  an  opening  thir^ 
centimetres  square,  in  a  window-shutter.  The  head  was  covered  for 
five  minutes  by  a  black  cloth,  and  then  exposed  for  three  minutes 
to  a  somewhat  clouded  midday  sky.  The  rabbit  was  then  instantlj 
decapitated,  the  eye-ball  which  had  been  exposed  was  rapidly  ex- 
tirpated by  the  aid  of  yellow  light,  then  opened,  and  instanUj 
plunged  in  5  per  cent,  solution  of  alum.  Two  minutes  after  deatji 
the  second  eye-ball,  without  removal  from  the  head,  was  subjected 
to  exactly  the  same  processes  as  the  first,  viz.  to  a  similar  exposure 
to  the  same  object,  then  extirpation,  4&c. 

On  the  following  morning  the  milk-white  and  now  toughened 
retinse  of  both  eyes  were  carefully  isolated,  separated  from  the  optic 
nerve,  and  turned :  they  then  exhibited  on  a  beautiful  rose-red 
ground  a  nearly  square  sharp  image  with  sharply-defined  edges: 
the  image  in  the  first  eye  was  somewhat  roseate  in  hue,  and  less 
sharply  defined  than  that  in  the  second,  which  was  perfectly  white. 
The  size  of  the  images  was  somewhat  greater  than  one  square  milli- 
metre.    [Nature,  Feb.  1,  1877.] 

On  Daltonism  and  Young's  Coloue-Theoby,  and  on  Coi^orR- 
Sensation. — E.  Rohlmann  (v.  Grae/e^s  Arch.  xxii.  p.  29),  and 
J.  Stilling,  Klin.  Monatsch.  f.  Augmh&Hk.  xiv.  July,  1876,  and 
CentralblaU,  No.  2,  1877. — Kohlmann  investigated  the  sensibility 
of  several  cases  of  Daltonism  for  the  different  wave-lengths  of  the 
spectrum,  and  distinguishes  three  principal  groups  of  djstorbances 
of  sensation.  In  the  first  group  the  violet  end  of  the  spectrum  is 
shortened.  Tn  the  second  group  the  red  end  of  the  spectrum,  and  in 
the  third  both  ends  of  the  spectrum  are  shortened.  For  the  two  first 
groups,  all  qualitative  visual  impressions  have  to  bo  made  from  the 
mixture  of  two  primary  colours,  yellow  and  blue,  whilst  in  tlie  third 
group  there  is  complete  absence  of  the  sense  of  colour. 

According  to  Stilling  acquired  colour-blindness  occurs  in  two 
forms,  viz.  as  red-green  blindness  or  as  achromatopia,  whilst  blue- 
yellow  blindness  most  probably  never  occurs  at  all.  In  the  difiTerent 
forms  of  atrophy  of  the  optic  nerve,  in  amblyopia,  also  in  many  cases 
of  neuro-retinitis  acquired  anomalies  of  the  sense  of  colour  oA:en 
occur,  whilst  they  do  not  occur  in  chorio-retinitis,  glaucoma,  apo- 
plectic and  albumenuric  retinitis,  or  hsemon-hage  into  the  macula. 

On  the  action  op  Sulphate  of  Eserin  on  the  Ciliary  (ac- 
commodating) Muscle. — M.  Reich  {CentralUaU,  No.  5,  1877)  finds 
that  this  substance  has  an  energetic  action  on  the  pupil,  causing 
contraction  sometimes  even  when  calabar  bean  has  fisuled.  The 
effect  lasts  for  24  hours. 
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On  thb  Chemibtrt  of  thb  Lenb. — M.  Laptsehinsky  (Pfiiiger'9 
Arch.  xiiL  p.  6^1)  analjraed  the  lens  of  tke  ox,  and  fiads  tuit  it  had 
the  following  eompoeitton  :  Albumen  34*93  per  cent.  ;Iieoithin  0*23; 
Cholesterin  0*22;  Fat  0*29;  Soluble  Salts  0*53;  Inaolable  0*29; 
results  which  compared  very  closely  to  those  obtained  by  Hoppe- 
Seyler.  The  quantity  of  albumen  therefore  present  in  the  lens  is 
greater  than  in  any  other  organ.  By  rubbing  up  the  lens  with 
water  and  passing  a  stream  of  CO,  through  it  a  precipitate  of  glo- 
bulin is  obtained,  which  may  be  obtained  by  filtering.  The  fluid 
so  separated  gives  no  precipitate  with  acetic  acid,  and  therefore 
contains  no  alkali-albuininate.  It  coagulates  on  heating,  therefore 
contains  soluble  albumen,  which  seems  to  be  identical  with  serum* 
albumen.  The  amount  of  chdestmn  varies  very  much.  In  the 
yellow-coloured  lenses  of  old  people,  more  &t  and  less  chdesterin 
was  found. 

Yabcdlab  Ststkm. 

On  the  Chemical  Conditions  for  the  Origin  of  the  Heart- 
beats, AND  ON  THE  SeAT  OF  AUTOMATIC  STIMULATION  IN  THE  FaOG'S 

Heart. — Merunowicz  {Ludun^a  ArbeUeriy  1875)  has  continued  the 
series  of  researches  begun  in  Ludwig'g  laboratory  by  Bowditch  upon 
this  subject  The  usual  teaching  regarding  the  cause  of  the  move- 
ments of  the  heart  is  that  they  are  due  to  automatic  motor  ganglia 
placed  within  it,  vi&  lUmak's  ganglia  in  the  sinus  vooosus,  and 
Bidder^s  ganglia  in  the  auricular  septum  and  the  base  of  the  ventricle. 
From  the  &ct  that  the  apex  of  the  heart,  when  separated  from  the 
rest  of  that  organ,  ceases  to  beat,  it  has  been  almost  universally 
believed  that  no  ganglia  are  situate  within  it.  Bowditch  found  that 
the  apex  separated  from  the  rest  of  the  heart  under  the  influence  of 
certain  drugs  could  execute  a  series  of  more  or  less  rhythmical  move- 
ments. Merunowice  found  that  the  apex  of  the  frog's  heart  beat 
rhythmically  for  a  long  time  if  it  was  supplied  with  a  mixture  of 
defibrinated  rabbit's  blood,  and  0*6  per  cent,  solution  of  Na  CL  The 
pulsations  do  not  begin  however  for  some  considerable  time,  about 
an  hour  afterwards.  The  author  concludes  that  the  region  of  the 
apex  of  the  heart  as  well  as  the  ventricles  and  those  parts  imme^ 
diately  adjacent  to  the  auriculo-ventricular  sulcua  idao  contain 
automatic  organs  for  the  production  of  heart-beats. 

These  experiments  led  Prof  Bemntein,  of  Halle  (On  the  situation. 
of  the  automatic  organs  in  the  frog's  heart,  CerUrcdblaU^  No.  22), 
to  investigate  this  subject,  and  he  gives  strong  reasons  for  dissenting 
from  this  view.  He  investigated  whether  under  normal  physiological 
conditions  for  nutrition,  a  spontaneous  action  of  the  automatic  organs^ 
said  to  exist  within  the  ventricle^  takes  place*  The  ventricle  of  a 
living  frog  was  compressed  transversely  by  means  of  a  pair  of  flue 
forceps,  so  that  the  continuity  of  the  living  tissue  with  the  apex  was 
thus  destroyed.  After  removal  of  the  compression  the  apex  was 
distended  with  blood  and  remained  at  rest  whilst  the  upper  portion 
of  the  heart  continued  to  pulsate,  thus  keeping  up  the  circulation 
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througb  the  injured  portion  of  the  heart  and  the  body  as  shown 
by  observation  of  the  capillary  circulation.  The  ventricle  and  its 
apex  were  therefore  supplied  with  a  sufficient  amount  of  blood  rich  in 
oxygen ;  nevertheless  the  apex  remained  at  rest.  If  the  surface  of 
the  apex  was  slightly  touched  it  contracted  energetically,  and  was  again 
filled  by  fresh  blood :  but  even  this  produced  no  stimulating  effect, 
and  even  after  one  to  two  days  no  recurrence  of  the  pulsations  was 
observed.  Bernstein  therefore  believes  that  "  under  normal  physio- 
logical conditions "  no  automatic  stimulation  occurs  in  the  Tentiicle 
of  the  frog^s  heart 

The  pulsations  of  the  ventricle  observed  by  Merunowicz  under 
the  influence  of  defibrinated  rabbit-blood,  are,  according  to  Bernstein, 
not  to  be  regarded  as  automatic,  but  are  analogous  to  the  action  of 
any  chemical  stimulus,  or  such  as  are  produced  by  a  constant  current. 
One  must  therefore  regard  defibrinated  rabbit-blood  as  a  chemical 
stimulus  for  the  muscles  of  the  heart  of  the  frog.  If  this  view  of  the 
matter  is  correct^  a  ganglionic  system  is  not  at  all  essential  for  the 
production  of  rhythmical  movements  in  a  muscular  oi^gan  such  as  the 
heart.  (Compare  Foster  and  Dew-Smithy  JourTud  of  Anatomy  and 
Phynoloffy,  x.  735.) 

On  the  Depekdenoe  of  the  Rhythm  of  the  Heart  ok  Yabia- 
TiONS  IN  THE  Blood-pressure. — ^As  to  immediate  effects  of  the 
blood-pressure  on  the  rhythm  of  the  heart,  the  results  of  previous 
investigators  coincide  tolerably  well.  They  all  found  that  when  the 
blood-pressure  was  increased,  after  separation  of  the  heart  from  the 
central  nervous  system,  there  was  either  acceleration  or  slowing  of 
the  heart-beats ;  and  less  frequently  the  heart  beats  unchanged.  As 
to  the  interpretation  of  these  phenomena,  however,  there  is  much 
variance.  Indeed,  Knoll  and  Nawrocki  have  even  denied  the  **  facts  " 
of  previous  experimenters. 

S.  Tschiriew,  of  St  Petersburg  {CentraJblatt  fur  die  medtcin, 
Wissenscha/ten,  No.  35),  has  again  investigated  this  subject,  and  con- 
firms the  results  of  former  experimenters  (Ludwig,  ITiiry,  Bezold, 
E.  and  M.  Cyon).  He  has  discovered  a  new  £eict,  namely,  a  very 
considerable  and  sudden  slowing  of  the  heart-beats  during  the  in- 
crease of  the  blood-pressure,  as  well  after  section  of  the  cervical 
nerves  alone  as  after  complete  separation  of  the  heart  from  the  cen- 
tral nervous  system;  a  subsequent,  sometimes  very  considerable, 
acceleration  of  the  pulse  after  the  cessation  of  increase  of  the  blood- 
pressure,  on  cessation  of  the  pressure  exerted  on  the  abdominal  aorta. 

The  conclusions  at  which  the  author  arrives  are  the  following: 
1.  Considerable  and  rapid  variations  in  the  blood-pressure  can  change 
the  rhythm  of  the  isolated  heart  2.  Every  considerable  and  rapid 
increase  of  blood-pressure  can  directly  excite  both  the  inhibitory  and 
the  motor  cardiac  ganglia,  by  increasing  or  diminishing  the  number  of 
beats,  the  number  seldom  remaining  the  same.  3.  The  final  charac- 
ter of  the  changes  in  the  heart's  rhythm  during  the  increase  of  the 
blood-pressure  depends  upon  the  counterbalancing  actions  of  both  of 
the  abov^named  factors.     For  as  a  weak  stimulation  of  the  vagus  can 
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completely  extinguish  the  phenomenon  of  a  maximal  stimnlation  of 
the  nervus  acoelerans  (Bowditch),  so  it  ib  easily  understood,  why  (4)  in 
those  oases  where  the  inhibitory  mechanism  of  the  heart  is  sufficiently 
developed  and  excitable,  the  increase  of  the  blood-pressure  for  the 
most  part  slows  the  heart'tt  rhythm,  whereby  the  accumulated  excita- 
tion of  the  motor  ganglia  appears  after  the  cessation  of  the  increase 
of  pressure,  %,e.  as  subsequent  acceleration.  If,  on  the  contrary,  the 
inhibitory  apparatus  is  feebly  developed  and  exhausted  by  previous 
stimulation,  then  a  very  considerable  increase  of  the  pnlse-b^ts  may 
occur  during  the  increased  blood-pressure.  5.  The  more  pronounced 
the  acceleration  of  the  heart-beats  during  the  increase  of  pressure,  the 
feebler  is  the  subsequent  accelerating  effect,  and  vice  versd.  6.  The 
heart  receives  from  the  accelerating  nervous  system  a  constant  tonic 
excitation.  The  central  ends  of  this  system  can  be  excited  by  in- 
crease of  the  blood-pressure,  but  not  by  its  diminution.  In  the 
normal  condition,  in  addition  to  this  direct  influence,  there  is  an 
indirect  one,  through  the  vagi  and  acoelerantes.  7.  Small  doses  of 
atropin  paralyse  the  peripheral  ends  of  the  vagi  (a  fact  already  well 
known),  but  not  the  inhibitory  apparatus  itself.  8.  The  pulsus  bige- 
minus  is  simply  a  slow  pulse,  in  which  the  ventricle  is  peristaltically 
contracted.  9.  Anacrotism  of  the  pulse,  as  is  the  case  in  aortic 
insufficiency,  or  in  the  arterial  sclerosis,  is  the  expression  of  peristal- 
tic heart-contractions,  and  not  of  variations  in  the  elasticity  of  the 
wall  of  the  vessel. 

On  the  Effect  of  Baths  on  the  Blood-pressubb. — F.  Eewnoow 
(CerUralblcUt,  Ko.  50)  observed  that  on  curarised  dogs  baths  of  30 — 
35°  C.  had  little  effect  on  the  blood-pressure ;  above  35°,  afber  a  rapid 
but  temporary  increase,  they  caused  a  fall  in  pressure.  If  the  animal 
afber  the  bath  (35°  and  above)  was  allowed  to  remain  at  the  tempera- 
ture of  the  room,  or  was  douched  with  cold  water,  the  blood-pressure 
rose,  and  was  followed  by  a  fiedl,  which  was  more  pronounced  the 
lower  the  temperature  of  the  cold  water  and  the  higher  that  of  the 
bath.  Baths  under  30°  increase  the  pressure  until  the  body-tempera- 
ture begins  to  fall.  A  continuous  increase  of  the  body-temperature 
in  baths  above  35°  G.  increases  the  pressure.  Division  of  the  vagi 
does  not  affect  the  action  of  the  baths,  but  section  of  the  cord  at  the 
second  cervical  vertebra  caused  a  fall,  which  was  not  affected  either 
by  the  baths  or  douche.  The  author  concludes  that  by  the  baths 
and  douches  the  cutaneous  sensory  nerves  reflexly  affect  the  vaso- 
motor centres  to  produce  the  changes  in  the  blood-pressure. 

The  Yolumetbic  Estimation  of  the  Blood-pbessure  in  Man. — 
S.  von  Basch  (Wiener  Med,  Jahrh.  1876,  4),  with  the  aid  of  Mosso's 
plethysmography  investigated  the  changes  in  volume  of  the  passive 
arm  during  complete  rest  of  the  body;  here  there  were  long  un- 
equal waves,  which  corresponded  to  a  rhythmical  increase  and  de- 
crease of  the  arm.  The  individual  experimented  on  was  placed  in 
the  horizontal  position  in  bed,  and  even  slept  \(  ithout  the  long  waves 
undergoing  a  change. 

36—2 
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These  wsves  cannot^  as  Moan  imagined^  be  ascribed  to  cooitne- 
tions  of  tbe  Teasels,  bnt  rather  to  changes  in  the  tenskm  within  the 
aofta^  for  »  STnchronoos  pallor  and  eongestkm  analogous  to  the 
waves  were  not  observed.  These  waves  seem  to  the  aiitlior  to  cor- 
respond to  the  well-known  cnrves  of  Tranbe  and  Hering. 

Carves  taken  during  sleep  showed  at  the  beginning  of  sleep  » 
pronooneed  ■JwlriTig  of  the  cnrve,  which,  however,  did  not  last  longer 
than  »  minnte  to  give  place  to  the  above  Tnube-Hering  eorvesr 
This  sinking  he  refers  to  an  affection  of  the  vaso-motor  centre,  ihe 
blood  of  the  aorta  fills  specially  the  abdominal  oigans,  the  pressors 
within  the  aorta  fiJls,  and  therewith  oecors  the  ^minntioii  in  tiie 
volume  of  the  ann. 

During  mental  activity — -11001  experiments  made  upon  physicians 
•^B,,  in  opposition  to  Moeso,  finds  no  chai^  in  the  vdame  of  the 
arm,  at  least  no  diminution  in  its  volume  was  observed. 

The  author  investigated  the  condition  of  the  volume  of  the  am 
when  the  vascular  area  of  the  splanchnic  was  considerably  <limiiii«lM>J 
by  compression  of  the  abdomen,  thus  offering  oonsuderable  resistance 
to  the  outflow  of  blood  from  the  aorta.  If  this  compression  of  the 
abdomen  is  comparable  to  stimulation  of  the  splanchnic,  there  must 
be  an  increase  in  the  volnme  of  the  arm,  whidi  is  actually  the  case. 
The  same  effect  is  produced  by  muscular  action  of  the  abdominal 
walk  compressing  the  abdomen.  The  convene  effect,  viz.  diminutioD 
of  the  volume  of  the  arm,  is  produced  by  diminution  of  the  intra- 
abdominal pressure.  According  to  Schatz  this  may  be  produced  by 
raising  the  arms  above  the  head,  thus  raising  the  ribs  by  the  action  ci 
the  pectomliB  major.  In  B.'s  experiments  this  was  always  followed 
by  a  diminution  in  the  volume  of  the  arm.  The  experunents  abow 
that  one  may  conclude  as  to  an  increase  or  diminution  of  the  arterial 
blood-pressure  firom  an  increase  or  decrease  in  the  volume  of  tbe 
arm. 

An  Ikqittbt  ikto  the  Oausb  or  the  Slow  Pulsk  in  JituBDicB. — 
J.  Wickham  Legg  {Proe.  Bey.  Soe.  1876,  No.  69)  finds  that  the 
salts  of  the  bile-acidis  slow  the  beat  of  the  excised  firog*s  heart  (Bow- 
ditch's  preparation),  ev^i  after  the  addition  of  atropin  to  the  aurum 
contained  in  the  heart  If  atropin  was  added  after  the  action  of  tJie 
bile-acid  salts  there  was  no  effect.  The  same  was  observed  on  the 
intact  frog,  when,  after  previous  administration  of  atropin,  a  10  per 
cent,  solution  of  the  bUe-salts  was  dropped  upon  the  heart,  "nie 
vagus  therefore  does  not  seem  to  be  implicated  in  the  slowing  of  the 
pulse.  The  muscle-paralysing  properties  of  tbe  bile-salts,  observed  by 
Ranke  on  the  injection  of  a  1  per  cent,  solution  into  the  museular 
arteries,  are,  according  to  the  author,  not  a  specific  action,  but  depend 
upon  coagulation  of  the  albumen,  which  also  occurs  outside  the  body 
with  such  a  concentration.  The  introduction  of  0*3  grms.  of  the  salts 
into  the  lymph-sac  of  a  frog  does  not  alter  the  muscle-curve.  £vea 
the  cardiac  muscles  do  not  seem  to  be  affected  by  these  salts.  The 
curve  obtained  fix>m  a  Luoiani  heart-preparation  remained  unchanged 
when  a  1  per  cent,  solution  of  the  salts  was  added  to  the  serum.     By 
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exclusion  the  author  seeks  to  "prove  that  the  cawBe  of  the  dowing 
of  the  pulse  by  bilensalts,  t.  e.  in  icterus,  is  to  be  sought  for  in  the 
Okotor  ganglia  of  the  heart  itself^  a  Tiew  announced  hj  Rohrig  thir- 
teen years  ago,  though  on  less  substantial  ezperixuental  eridenoe. 

Osr  TBDB  OrIGIV  of  FlBBiy,  AKD  OK  TBB  C^USB  OF  THB  COAGULA- 

TICK  OF  THE  Blood. — P.  Mautegazza's  {MoleschaC^s  Unters.  zur  Nalurl* 
XI.  p.  523,  and  GeniralblaU,  1877)  investigations  differ  from  those  of 
other  experimenters  in  as  far  as  they  refer  tp  observations  made  on 
Hying  animals.  The  author,  like  Schmidt,  ascribes  an  important  r61e 
in  the  coagulation  of  the  blood  to  the  colourless  blood-oorpusdes,  with 
this  difference,  however,  that  Schmidt  explains  the  formation  of 
fibrinoplastic  substance  as  a  phenomenon  accompanying  the  death  of 
the  blood,  whilst  the  author  regards  it  as  a  vital  effect,  as  a  kind  of 
reactionary  phenomencm,  in  consequence  of  a  stimulus,  which  consists 
most  frequently  in  their  contact  with  foreign  matter.  The  process 
ends  with  the  death  and  the  passage  of  the  colourless  corpuscles  into 
the  dot.  In  support  of  this  view  we  have  (1)  a  large  number  of  ex- 
periments, which  show  that  coagulation  always  ti^es  place  within 
the  blood-vessels  when  the  wall  of  the  blood-vessel  is  changed,  e.g.  by 
irritation  or  burning.  The  injured  spot  is  always  covered  with  heaps 
of  colourless  blood-corpuscles  sticking  together,  and  around  the  whole 
the  fibrin  is  deposited.  The  same  also  occurs  when  a  foreign  body 
with  a  rough  surface  is  introduced  into  the  lumen.  (2)  The  &cty 
that  all  fluids  capable  of  coagulation  contain  colourless  cells.  The 
author  quotes  fieale  as  his  precuris(»>  in  this  matter,  though  he 
does  not  seem  to  be  acquainted  with  the  experiments  of  Lister  and 
Zahn  on  this  subject.  He  does  not  decide  definitely  whether  the 
fibrin  proceeds  from  fibrinogen  and  fibiino-plastin,  though  he  leads 
one  to  believe  that  he  adopts  this  view,  and  regards  the  production  of 
iibrino-plastin  as  due  to  stimulation  of  the  colourless  corpuscles. 

The  differences  between  the  blood  of  the  jugular  and  splenic  veins, 
and  the  connection  between  the  number  of  red  blood-corpusdes,  and 
the  quantity  of  fibrin  contained  in  the  blood,  are  discussed.  The  re- 
sults are  (1)  The  differences  between  the  two  kinds  of  blood  (jugular 
and  splenic  veins)  in  fibrin,  and  number  of  corpuscles  are  inconstant 
in  the  dog.  (2)  After  the  injection  of  urea  into  the  veins,  the  num- 
ber of  blood-corpuscles  diminishes  rapidly  and  considerably,  and  the 
amount  of  fibrin  obtained  from  the  blood  increases.  With  4  grm. 
luea,  the  number  of  blood-corpuscles  in  1  ca  sank  within  four  days  to 
1,250,000,  and  the  fibrin  rose  from  2*628  to  8089  per  thousand.  As 
a  maximum  19  per  thousand  was  obtained.  The  action  of  urea  is 
more  pronounced  in  herbivora  than  in  dogs,  and  does  not  take  place 
outside  the  body.  (3)  Lactic  acid  has  a  similar  effect  on  the  fibrin 
and  corpuscles,  but  the  effect  is  much  more  complicated.  The  author 
refutes  Beltrami's  theory,  that  the  fibrin  is  the  'detritus  of  the 
muscle-substance."  In  three  cases  of  tetanus,  Mantegazza  observed 
4,8—2,7 — 1-6  per  thonsand  of  fibrin,  i,e.  rather  a  diminution  than 
an  increase  in  the  fibrin.  Other  objections  ajre  cited  in  ihe 
original. 
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On  the  Relation  of  Chloride  ot  Sodium  to  certain  Organic 
Fermentatiye  Processes. — A.  Schmidt^  PJluger's  Arch.  xiii. 

L  The  coagnlation  of  milk  hj  rennet.  If  an  extract  of  the 
mucous  membrane  of  the  stomach  of  the  calf  (prepared  by  '25  per 
cent,  hydrochloric  acid)  be  by  dialysis  freed  from  all  soluble  salts,  and 
if  milk  be  similarly  freed,  then  if  the  two  fluids  be  mixed  (at  17 
Cent.  =  62*6  Fahr.),  the  coagulation,  i,e.  the  separation  of  casein, 
takes  place  at  once,  at  a  somewhat  lower  temperature  (15  Cent.  =  59 
Fahr.)  in  25  seconds.  It  is  therefore  clear  that  the  soluble  salts,  and, 
above  all,  common  salt,  delay  and  prevent  the  coagulation  of  milk  by 
rennet. 

IL  The  digestion  of  albuminous  bodies  by  pepsin  and  hydro- 
chloric acid.  Coagulated  albumen,  freed  by  dialysis  from  its  salts,  is 
much  more  easily  dissolved  by  the  gastric  juice  than  the  fibrin  (even 
when  swollen  up)  usually  employed.  Even  the  albumen,  coagulated 
by  heat  and  separated  in  flakes  from  diluted  egg-albumen,  is  dis- 
solved more  rapidly  than  the  albumen  coagulated  within  the  shell  of 
^6  ^gg*  I^  ^^  <^se,  it  does  not  depend  alone  upon  the  form  in 
which  the  albumen  is  excreted,  though  this  is  more  favourable  in  the 
former  case,  but  essentially  upon  the  amount  of  salts  present.  For, 
if  the  solid  coagulated  albumen  be  rubbed  down  finely  with  water,  it 
is  still  more  difficult  to  digest,  and  the  easy  digestibility  of  the  floo- 
Gulent  albumen  may  be  set  aside  by  the  addition  of  a  small  quantity 
of  chloride  of  sodium.  ITie  addition  of  0*5  to  0*6  per  cent,  of  chlo- 
ride of  sodium  to  a  digestive  fluid  poor  in  salts,  increases  the  time 
required  for  digestion  from  3  to  10  times.  Solutions  of  peptones  are 
only  precipitated  by  tannic  acid  in  the  presence  of  salts;  and  the 
amount  of  pepsin  in  the  stomach  of  newly-born  animals  is  small,  bat 
not  absent,  as  indicated  by  Hammarsten. 

m.  The  coagulation  of  fibrin.  The  author  has  already  shown 
that  the  amount  of  fibrin  obtainable  from  a  fluid  increases,  coeteris 
paribus,  within  certain  limits,  with  the  amount  of  fi  brino-pla!stic  sub- 
stance contained  in  it,  but  beyond  these  limits  it  diminishes.  The 
same  is  true  for  the  quantity  of  the  salts  in  the  fluid.  The  simplest 
experiment  to  show  this  is  to  dilute  blood-plasma  with  water.  From 
the  diluted  plasma  less  fibrin  is  excreted  than  from  the  undiluted, 
but  the  amount  increases  with  the  addition  of  chloride  of  sodium; 
and  when  the  amount  of  chloride  of  sodium  in  the  diluted  fluid 
reaches  1  per  cent.,  the  amount  of  fibrin  excreted  is  almost  as  great 
as  in  normal  plasma.  With  2  to  2*5  per  cent,  the  amount  is  much 
less ;  and  if  still  more  chloride  of  sodium  be  added,  the  plasma  re- 
mains fluid.  In  these  and  all  other  experiments  on  coagulation,  a 
small  quantity  of  a  solution  of  haemoglobin  was  added.  The  time  of 
coagulation  is  thereby  very  much  shortened,  and  a  resolution  of  the 
fibrin  does  not  take  place,  which,  without  the  addition  of  haemoglobin, 
is  often  the  case.  The  addition  of  chloride  of  sodium,  howeTer, 
never  causes  coagulation  in  a  fluid,  which  by  the  addition  of  fibrin- 
ferment  alone  does  not  coagulate.  It  therefore  seems,  from  these 
and  the  author^s  former  experiments,  that  the  amount  of  fibrin  ob- 
tainable from  a  fluid  depends  upon  several  conditions :    (1 )  Hie 
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amount  of  the  fibrin-regenerators;  (2)  Quantity  of  the  salts;  (3) 
Amount  of  alkalinity ;  (4)  Temperature.  The  influence  of  the  quan- 
tity of  ferment  and  that  of  haemoglobin,  on  the  amount,  is  still  doubt- 
ful. What  now  happens  when  the  fibrin-factors  and  the  ferment 
are  brought  together  without  the  presence  of  the  salts  1  For  these 
experiments,  the  blood-plasma  of  a  horse  was  filtered  in  the  cold, 
treated  with  0'5  per  cent,  of  soda,  and  then  subjected  to  dialysis. 
The  addition  of  soda  was  necessary  in  order  to  prerent  the  coagu- 
lation during  the  dialysis.  In  such  solution,  freed  from  salts,  on  &e 
addition  of  the  fibrin  ferment  there  is  formed  a  product  insoluble  in 
water,  and  only  soluble  in  an  excess  of  alkali.  It  is  not  fibrin,  but 
in  the  presence  of  neutral  salts  in  an  alkaline  solution  it  becomes 
fibrin.  If  no  excess  of  alkali  is  present,  the  whole  of  the  globulin- 
like substances  contained  in  the  fluid,  even  to  traces,  pass  into  this 
product,  so  that,  on  diluting  the  filtrate  with  water,  and  passing  a 
stream  of  carbonic  acid  through  it,  only  a  slight  opalescence  is  ob- 
tained. Concentrated  salt  solution,  previously  added  to  fluids  capa- 
ble of  coagulating,  prevents  this  entirely,  while  the  alkaline  solution 
of  the  above-named  product  ia  at  once  precipitated  by  concentrated 
solution  of  chloride  of  sodium.  But  the  fibrin  so  precipitated  diflers 
from  ordinary  fibrin.  If  soda  ('002  to  *003  per  cent.)  be  added  to 
the  blood-plasma  just  before  coagulation,  the  fluid  becomes  changed 
into  a  thick  slimy  tenacious  mass.     {Lond.  Med.  Rec,^  Jan.  1877.) 

On  the  Ash  of  Blood. — A  Jarisch  {Oeaterr.  med  Jahrb.  1876, 
Hftw  1),  gives  the  following  as  the  mean.  In  the  case  of  the  human 
blood  it  was  obtained  by  venesection. 


Phosphoric  acid  anhydrous    ... 

Snlphnrio  acid  anhydrous  

Chlorine     

Potash    

Soda    

Lime  

Magnesia   

Oxide  of  Iron    


Man — normal 


Horse. 


8-82 

711 

80-74 

26-55 

24-11 

0-9 

0-53 

8-16 


8-88 

6  81 

28-68 

29-48 

2115 

1-08 

0-60 

9-52 

00,  1-30 


Dog. 


12-74 
413 

82-47 
8-96 

48-40 
1-29 
0-68 
8-64 


On  the  Decomposition  op  TJbea  ik  thb  Blood. — ^V,  Istomin 
(Peterab.  Med.  Wochensch.  1876,  No.  25,  and  CeviiralblaU,  No.  6, 1877). 
«<  On  the  Quantitative  Estimation  of  Albumen  in  Blood-Serunu'' 


556  im  OTiRUNO. 

J.  Pols  {Pfitjget's  Arek.  and  CentrMUM,  Na  51,  1876). •'On 

ihe  DuBoouktion  of  Bkarbonate  of  Sod*  at  a  temperatiupe  of  lOOT.* 

Y.  Urbam,  Comptes  rmchui,  lxxxul  Na    10. ^'Tlie  effect  of 

Pargatioii    and    Inanition   on    the  nnmber    of   Blood4)oi'pci8<de&'' 
Bsonarde],  Union  Med.  1876,  No.  110,  CerUraMui,  No.  48. 

On  ctb  Pbocbbs  of  Oxtdaiiom  nr  Normal  and  AsmTziAnD 
Blood. — ^N.  Stroganoff  (Ffiiiger'g  Arehw,  Band  zil,  CenlralblaU  fur 
die  Medicinudien  Winen^^ht^len,  No.  28)  has  endeaTonred  to  decide 
the  question: — 1.  Whether  the  Blood  of  an  A^hyxiated  Animal  Ml 
contained  Oxyheemoglobin, — He  plaoed  between  two  glass  plates  tlie 
completely  isolated  jugular  vein,  or  the  carotid,  of  rabbitSy  and  so 
con^iressed  them  t^at  a  spectrosoopic  investigation  was  poasible. 
The  vessel  was  protected  from  contact  with  the  air.  It  was  in- 
variably found  that  the  blood,  even  at  the  last  moment  of  the  last 
fardiae  contraction,  always  eoDtained  oxyhemoglobin. 

2.  On  the  Aviowrd  of  Oxygen  i»  the  lAmga  during  Aeph^fida.^^ 
The  composition  of  the  air  of  a  closed  ipace  in  whidi  the  iiniw^l^ 
in  -consequence  of  want  of  oxygen  (the  OOj  was  absorbed),  was 
asphyxiated,  was  estimated  when  the  respiralttry  movemeats  oeaaed. 
As  the  moan  of  four  experunents,  the  amount  of  oxy|^  ia  the  air 
at  this  moment  was  3*54  per  cent.,  agreeing  well  with  ivreTioQS 
results.  If  one  assume,  that  the  blood  had  absorbed  the  aame 
amount  of  oxygen  firom  this  air  as  in  normal  respiration,  then 
the  amount  of  oxygen  in  the  air  within  the  lungs  would  be  2-73. 
The  complete  cessation  of  all  respiratory  movements  is  regarded  by 
the  author  as  the  second  stage,  and  at  once  the  air  still  remaiaing 
in  the  lungs  was  extracted  by  means  of  a  mercurial  air-pump.  The 
analysis  gave  as  the  mean  for  the  oxygen  of  this  air  2*337.  If  the 
air  was  taken  from  the  lungs  after  cessation  of  the  movements  of 
the  heart,  the  amount  of  oxygen  was  only  0*403  per  cent.;  almost  all 
the  oxygen,  just  to  a  trace,  was  absorbed  by  the  blood. 

3.  On  the  Capacity  of  AsphyxieUed  Blood  to  absorb  the  laei 
Tracee  of  Oxygen  from  the  Air  in  the  Lunge, — Asphyxiated  blood, 
tiken  from  an  animal  after  cessation  of  the  respiratory  moveuMut^ 
was  shaken  with  a  quantity  of  air  very  poor  in  oxygen,  and  then 
its  composition  ascertained.  It  was  shown  that  the  blood  aebeorfas 
oxygen,  even  when  the  latter  is  only  present  to  the  amount  of  1  per 
cent,  or  less.  To  determine  whether  this  is  also  true  of  the  lungs, 
Stroganoff  pumped  out  the  air  from  the  lungs  after  cessation  of  the 
respiratory  movements,  and  introduced  air  of  known  compoeiticA 
instead.  Here  also  oxygen  disappeared  from  .the  air.  ^e  amooAt 
of  oxygen  introduced  with  the  air,  in  one  case  was  1*289  ouImc 
centimetres ;  the  remainder  0*747.  The  blood  in  the  lungs  therefore 
absorbs  oxygen  from  the  air  in  the  lungs,  even  after  cessation  of  the 
xeapiratory  movements,  so  that  not  a  trace  of  oxygen  is  left. 

4.  On  the  Extent  of  the  Oxydation  Froceae  in  Normal  and 
Asphyxiated  Biood, — In  oitier  to  estimate  this  in  asphyxiated  Uood, 
it  ^was  shaken  with  a  Bufficient  quantity  of  Atmospheric  air,  and  the 
amount  of  oxygen  remaining  and  that  of  hfemiQ^obin  determijied. 
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If  tibe  amoont  of  oxygen  absorbed  is  greater  tban  corresponds  to 
the  quantity  of  hsemoglobin,  tben  oxyg^a  must  have  been  used  for 
the  oxydation  of  reducing  substances  in  the  blood.  As  a&phyidated 
blood  is  never  quite  free  from  oxygenr— according  to  Pfldger,  1*75 
vohune  per  cent. — this  also  must  be  taken  into  consideration.  The 
experiments  were  repeated  in  the  same  way  with  arterial  and  venous 
blood.  Even  arterial  blood  absorbs  oxygen,  as  Pfliiger  had  already 
shown,  to  the  extent  of  1*066  to  1*295  cubic  centimetres  for  100 
cubic  centimHres.  Stroganoff  assumes  that  the  blood,  in  virtue 
of  its  hiemoglobin,  is  completely  saturated  with  oxygen.  The  as- 
phyxiated blood  invariably  absorbs  consideitkbly  more  oxygen  than 
HKHrreaponds  to  its  amount  of  hsBmoglobin,  to  the  extent  of  4*93, 
2*84,  ^'31,  and  2*34  cubic  oentam/^tres  for  100  cubic  centimetres  of 
blood.  If  one  assume  the  amount  of  oxygen  contained  in  it  as 
js  1*75  volume  per  oent^,  we  have  tlie  mean  5*10  volumes  per  cent, 
as  the  expression  of  the  reducing  substances  present  in  the  blood. 
The  author  then  deducts  the  amount  of  oxygen  required  by  the 
blood  for  the  oxydation  =  1*18  cubic  centimetres,  and  arrives  at  the 
number  3^927  cubic  centimetres  of  oxygen*  For  all  the  details  and 
data  of  the  experiments  we  must  refer  to  the  original. 

Graphic  Invbotigations  oh  the  Heart-beat  under  Normal 
AND  Diseased  Conditions. — L.  Landois  {Berlin,  1876,  8vo.  pp.  93) 
has  studied  the  movements  of  the  air  in  the  air  passages  by  means 
of  sensiti;ire  flames.  Vide  also  CerUraJhUUt,  No.  5.— ^ — ''On  Poly- 
graphs."    Grunmach,  Berlin.  Min,  Wochenechr,,  No.  33,  1876. 

On  the  Relation  of  the  Yaous  to  the  Aogslerans. — N.  Baiet 
{Ludvng*8  Arbeken^  1875)  has  performed  a  very  elaborate  and  ex- 
tended series  of  experiments  on  these  two  nerves,  both  nerves  being 
irritated  simultaneously.  He  does  not  regard  them  as  strictly 
antagonistic  to  each  other  in  their  action;  for  stimulation  of  the 
vagus  was  not  prevented  by  simultaneous  stimulation  of  the  ac- 
-celerating  nerves.  It  is  wdll  known  that  the  effect  of  stimulation 
^f  the  vagus  upon  the  heart  only  lasts  for  a  very  short  time,  the 
heart  being  slowed  or  arrested  in  its  actic»i,  but  may  begin  to  beat 
,even  wliile  the  stimulation  of  the  vagus  is  continued.  Baxt  finds 
that  stimulation  of  the  accelerans  however,  on  the  oonUury,  has  a 
prolonged  effect  on  the  action  of  the  heart 

<'  On  the  Physiology  of  the  Yagus.''     0.  Bosenbaoh,  CenjbraXblaUt 

Na  5,  1877. *'0n  the  effect  of  Stimulation  of  the  Splanchnicus 

on  the  Blood-pressure  without  its  own  vascular  itrea.''  S.  v.  Basch, 
Imdwi^s  Arbeiten,  1875, 

On  the  Diffbrsnoe  in  the  Action  of  the  two  Yagi. — ^L.  Tripier 
and  Arloing  (^cui.  des  Hdpitcmx,  Dec.  14,  1876)  assert  that  the 
right  vagus  acts  more  energetically  on  the  heart  [a  circumstance 
already  well  known]  than  the  left  one,  and  that  the  reverse  is  the 
case  with  the  lung. 

Section  of  one  vi^s  may  cause  death  in  the  ass,  rabbit,  and 
home,  and  section  cf  the  right  vagus  produces  this  result  ofkener 
than  the  -section  of  the  kfb. 
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M.  Fhilippeau  found  the  following  as  the  result  of  section  of 
the  vagi.  If  in  a  rat  one  vagua  is  divided,  and  thirty-one  days  after- 
wards the  other  is  cut,  the  animal  lives.  If  the  second  vagus  is  cat 
before  the  expiring  of  thirty-one  days,  it  dies.  In  order  that  a  dog 
may  survive,  an  interval  of  sixty  days  must  elapse  between  the 
«»tioDB  Of  the  yagi;  and  in  the  gaine<^pig  twen4yfo\ur  days. 

Respiratory  System. 

**  Influence  of  CO,  on  the  Respiration  of  Animals."   F.  N.  Baoolt^ 

Camptes  rendus,  lxxxii.  No.  19,  and  CenircUblciUy  No.  44. ^"On 

theRespii'ation  of  the  Foetus."  Zweifel,  Arch,/,  Gynakol,f  ix.  291. 

'*  On  the  Crystalline  Coustitueuts  of  the  Lung  Juice."     G.  Grilbler, 

Ltuivng^s  ArbeUeUy  1875. "On  the  Theory  of   the   Intercostal 

Muscles."     A.  W.  Yolkmann,  ZeUsch.  f,  AtuU.  u,  JSntwiekluTiffag.,  n. 
159,  and  CentrcUblaU,  No.  6,  1877. 

Effect  of  the  Respibatiox  ok  the  Blood-pbessvre. — ^A. 
Stefani  {Communic,  faUa  cU  xii.  Congr,  degJi  SdensdoH  in  Palermo^ 
1875,  and  GerUralblaUy  No.  53)  kept  up  artificial  respiration  in  cuxariaed 
dogs  and  took  a  carotid  tracing  in  the  ordinary  way.  If  the  artificial 
respiration  was  suddenly  interrupted,  there  was  always  a  considerable 
increase  of  the  blood-pressure  (110  to  194  mm.  Hg.),  which  did  not 
always  occur  immediately  after  interruption  of  the  respiration,  but 
a  shorter  or  longer  interval  always  elapsed  before  it  took  place.  This 
difierence  Schiff  showed  depends  upon  the  amoimt  of  O.  present  in 
the  blood  at  the  moment  the  respiration  is  interrupted ;  the  increase 
of  the  blood-pressure  occurring  later  the  more  O.  is  present  in  the 
blood,  and  vice  versd. 

Analysis  of  the  blood-curve  shows  that  the  increase  of  the  blood- 
pressure  must  not  be  expressed  by  a  straight  line  rising  steeply,  but 
by  a  wavy  one.  This  fact  is  of  importance  as  showing  that  variations 
in  the  blood-pressure  can  take  place  independently  of  every  mecha- 
nical action  of  the  respiration.  Further  it  is  shown  that  with  increase 
of  the  blood-pressure  the  number  of  pulse-beats  is  diminished,  wlulsi 
the  individual  pulse-beats  are  more  extended.  This  depends  upon  a 
stimulation  of  the  vagus  centre,  for  it  no  longer  occurs  when  the 
vflgi  are  divided.  If  the  interrupted  respiration  is  again  comm^iced, 
the  blood-pressure  falls  to  its  original  level,  and  the  original  number 
of  beats  and  extent  of  heart-beats  are  restored. 

The  author  explains  these  phenomena  in  accordance  with  the  view 
of  Schiff  on  the  cause  of  the  respiratory  oscillations  in  the  blood- 
pressura  He  repeated  his  experiments  on  dogs,  in  which,  according 
to  A.  von  Bezold,  the  vaso-motor  centre  was  paralysed  by  division  <^ 
the  spinal  cord.  like  other  observers  he  always  found  a  fall  of  the 
blood-pressure  after  this  operation.  If  now  the  artificial  respiration 
was  interrupted,  the  blood-pressure  rose  after  a  time  considerably, 
whilst  the  heart-beats  became  simultaneously  less  frequent  but  more 
extended.  But  this  increase  of  the  blood-pressure  is  never  so  great 
as  in  animals  with  intact  nervous  system.     It  may  even  be  absent  if 
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the  vagi  are  not  divided  at  the  same  time  as  the  cord.  If  this  is  the 
case,  however,  one  always  has  an  increase  of  the  blood-pressure,  but 
"without  any  simultaneous  change  in  the  number  or  extent  of  the 
pulsations. 

From  this  it  appears  that  the  increase  in  the  blood-pressure  after 
interruption  of  the  artificial  respiration  is  independent  of  the  action 
of  the  vaso-motor  centre,  but  still,  however,  not  nearly  to  the  extent 
which  occurs  when  this  centre  is  in  action.  We  may  therefore  sup- 
pose that  after  interrupting  the  respiration  the  products  of  the  chemiod 
changes  occurring  in  the  blood,  besides  acting  on  the  vaso-motor  centre 
in  the  medulla,  also  act  directly  on  the  ganglia  of  the  heart.  The 
author  has  convinced  himself  by  central  experiments  that  the  small 
vaso-motor  centres  which,  according  to  Nussbaum  and  Qoltz,  exist  in 
the  cord,  have  no  effect  on  the  above  phenomenon.  The  centre  for 
the  innervation  of  the  heart,  and  which  is  placed  in  the  medulla,  was 
also  eliminated  by  dividing  both  vagi  and  sympathetics  in  the  neck. 
Even  in  these  animals  an  increase  of  the  blood-pressure  took  place 
after  interruption  of  the  artificial  respiration ;  one  can  only  conclude 
therefore  that  the  ganglia  in  the  heart  itself  are  excited  by  the 
changes  in  the  blood. 

Tjastly,  the  author  points  out  the  importance  of  artificial  respi 
ration  in  recent  cases  of  apoplexy,  by  assisting  on  the  one  hand  in 
diminishing  the  pressure  on  the  respiratory  centre,  and  on  the  other 
by  diminishing  the  blood-pressure,  and  thus  preventing  a  further 
escape  of  blood. 

Digestive  System. 

AlimerUcvry  Canal. 

"  On  the  action  of  Alkalies  on  the  Diastatic  action  of  Saliva  and 
Pancreatic  Juice."     Comillon  and  Bretet,  Progrh  Med,  1876,  No.  7, 

and  CeniralblaU,   No.  47,  1876. "On   Peptones."      A.  Kossel, 

PJliiger'8  Arch,  xiii.  p.  309,  and  Cmtralblati,  No.  1,  1877. "Phy- 
siological and  Microscopical  Investigations  on  the  Excretion  of 
Pepsin."  G.  Herrendorfer,  Diss,  Kbnigsberg,  1875,  finds  that 
although  the  first  three  stomachs  of  ruminantia  contain  no  glandular 
elements,  they  still  have  digestive  propeiiiies.  This  is  most  easily  ex- 
plained by  the  infiltration  theory,  from  the  gastric  juice  passing  in 
and  the  mucous  membrane  absorbing  and  retaining  the  pepsin.    Yide 

CentralblaU,  No.  42,  1876. "Synthesis  of  Fat."     A.  Perewozni- 

kow,  CentralblaU,  No.  48,  1876. "On   the   Synthesis  of  Albu- 

menoids  in  the  Animal  Organism."    Kudzki,  CentralblaU,  No.  50. 

"  On  Emulsions  and  their  value  for  the  absorption  of  Neutral  Fats 
in  the  small  Intestines."  J.  Steiner,  Reichert  ami  du  BM  Arch.  1874, 
286.    CentralblaU,  No.  60,  1876. 

On  the  Formation  and  Excretion  op  Pepsin  in  Batrachians. — 
H.  V.  Swizcicki  (PflUger^s  Arch,  xiii.  p.  442)  experimented  chiefiy  on 
frogs,  and  used  Griltzner's  coloured  fibrin  method.  He  finds  that  by 
far  the  greatest  amount  of  pepsin  is  derived  from  the  oesophagus. 
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The  amount  yaiies  with  the  oondition  of  the  glsnd-oells  of  the 
oesophagus.  During  digestion  the  oeUs  were  large  and  contained 
much  pepsin;  during  hunger  tbej  irere  small  and  contained  little 
pepsin.  The  amount  of  pepsin  extracted  from  the  stomach  was  mudi 
lesSy  as  compared  with  that  from  the  CBSophagus.  The  amount  of  pep«in 
in  the  CBsophagus  and  stomach  increases  in  the  first  6 — 10  hours  afler 
food,  then  fidls  towards  the  20th  to  a  minimum.  The  formation  of 
acid  takes  place  where  '  Belegzellen'  are  present. 

On  Oboaitzsed  and  so-called  Aiiobphous  Febxsnts  ahb  ov 
Tbtpsin  (Euzym  of  thb  Pancreas). — W.  Kuhne  {VerhaneL  d. 
N(Uurh.  Vereina  zu  Heidelberg^  Neue  Foige,  Band  l  p.  194,  and 
CentralblaU,  Na  36)  proposes  to  call  the  amorphous  ferment  euzjrm, 
the  ferment  of  the  pancreas,  tiypsin.  Its  action  is  not  arrested  by- 
salicylic  add,  and  this  subBtance  is  very  applicable  for  demonstrating 
the  specific  digestive  actions  of  the  pancreas  from  other  actiLons,  8u<£ 
as  putrefaction,  which  may  occur  simultaneously.  Eight  hundred 
grammes  pancreas  of  ox  treated  with  four  grammes  salicylic  add 
and  two  litres  of  water  at  40^  Cent,  showed  no  bacteria,  no  smell  of 
indol,  whilst  the  glands  were  dissolved  afber  several  hours.  Filtered 
portions  digested  powerfully.  Sulphuric  acid  and  hydrochloric  acid 
in  equal  quantity  did  not  produce  the  same  effect,  but  acetie  acid 
did  so  in  a  striking  manner.  Salicvlic  acid  does  not  affect  the  action 
of  pepsin,  but  rather  protects  its  solutions  from  putrefisustion.  Pepsin 
destroys  the  action  of  trypsin,  but  the  pancreas  ferment  does  not 
affect  pepsin,  but  this  latter  is  rendered  inactive  by  an  alkaline 
reaction.  The  explanation  offered  by  Ktihne  of  the  increased  ap- 
petite of  dogs  with  biliary  fistula  is,  that  normally  the  pepsin  is 
destroyed  by  the  bile.  If  the  bile  is  not  poured  out,  the  pepsin 
3till  active  passes  into  the  duodenum,  and  disturbs  the  pancreas- 
dige&tion. 

According  to  Heidenhain  the  pancreas  contains  only  symo^en. 
If,  however,  according  to  Ktihne,  a  pancreas  quite  fresh  and  s^ 
warm  is  inibbed  up  with  absolute  alcohol,  and  from  the  gland  so 
treated,  a  watery  extract  is  prepared  at  0*^0.  (32*  Fahr.),  this 
extract  is  at  once  active.  Heidenhain's  zymogen  is  therefore  a  body 
capable  of  being  split  up  by  alcohol.  If  the  extract  of  the  gland  is 
repeatedly  precipitated  by  alcohol  and  dissolved  in  water,  and  if  to 
the  watery  solution  acetic  acid  is  added  to  1  per  cent.,  then  an  al* 
buminous  body  is  precipitated,  which  the  author  terms  leukoidy  wbilsl 
the  filtrate  again  precipitated  by  alcohol  yields  a  precipitate  essen- 
tially consisting  of  trypsin.  Trypsin  is  amorphous,  transparent^  of  a 
feeble  straw-yellow  colour,  easUy  soluble  in  water.  The  solution, 
even  when  Tendered  alkaline,  can  be  kept  unchanged,  no  finrraation 
of  peptones,  leucin,  or  tyrosin.  taking  place.  On  being  boiled,  it  is 
decomposed  into  coagulable  albumen  and  peptone.  In  watery  b> 
lution^  trypsin  dissolves  fibrin  when  warmed  almost  at  once ;  the  solu- 
tion contains  peptone,  antipeptone^  leucin,  and  tyrosin.  The  prooesi 
is  this :  first  peptone  is  formed,  which  is  not  to  be  distinguiahed 
from  that  focmed  in  the  stomach,  ajid   this  now  produces  anti> 
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peptone  and  the  other  sabstanoeB,  which  are  chieflj  products  of  d^ 
compoBition  and  Grystalline. 

Trypsin  has  no  action  on  starch  and  dextrin;  pntrid  albumen 
and  bacteria  contain  no  trypsin,  and,  in  fact,  no  ferment  which 
resists  the  action  of  alcohoL     No  trypsin  is  to  be  found  in  arterial- 
blood,  the  salivary  glands,  and  lymph  glands  of  the  mesentery. 

P.  Gratzner  (P^uger's  Archiv,  Band  xii.  p.  285)  has  aLso  made 
some  obseryations  on  the  amorphous  ferments. 

1.  The  salivary  glands  of  the  dog,  a.cconling  to  this  author,  do 
not  form  any  sugar  fermentb  It  is  true  that,  with  long  digestion 
of  the  mixed  saliva  or  the  glycerine  extract  of  the  glands  with  starch 
mucilage,  a  sugar  reaction  is  obtained ;  such  traces  of  a  diastatic 
ferment,  however,  are  found  in  all  parts  of  the  body.  The  salivary 
glands  of  man  and  of  the  vegetable  feeders  undoubtedly  contain 
a  diastatic  ferment ;  in  the  rabbit  the  parotid  is  much  richer  in 
ferment  than  the  submaxillary  gland. 

2.  The  use  of  Brunner's  glands  in  the  wall  of  the  intestine  has 
long  been  doubtfuL  The  author  finds  that  their  gland  cells  are 
microscopically  not  to  be  distinguished  from  those  of  the  pyloric 
glands;  in  fact,  by  treating  them  with  glycerine  or  hydrochloric 
acid  of  1  per  cent,  an  extract  containing  pepsin  may  be  obtained, 
which  is  richer  in  pepsin  when  the  cells  are  large  and  clear  than 
when  they  appear  turbid.  Whether  the  ferment  secreted  by  these 
glands  is  active  during  life  is,  from  the  alkaline  reaction  in  the 
intestine,  doubtfuL  No  diastatic  ferment  was  to  be  detected  in 
Brunner*s  glands. 

3.  The  amount  of  the  diastatic  ferment  in  the  pancreas  varies 
with  the  time  which  has  elapsed  since  the  last  meaL  It  is  least 
six  hours  after  food,  and  greatest  fourteen  hours  thereafter.  The 
quantity  of  the  ferment  was  estimated  by  the  action  of  the  glycerine 
extract  (10  grammes  fresh  pancreas  and  100  grammes  glycerine) 
on  starch  mucilage,  analogous  to  the  method  of  Grilnhagen  for  esti- 
mating the  amount  of  pepsin.  The  starch  mucilage  was  placed  in 
a  filter,  and  was  treated  with  an  equal  amount  of  the  glycerine 
extract  (0-3  gramme) ;  the  quantity  of  the  filtrate  produced  in  a 
given  time  gave  the  measure  of  the  activity  of  the  extract  The 
first  filtrates  produced  by  the  action  of  the  diastatic  ferment  were 
rich  in  erythrodextrin  (Brflcke),  poor  in  sugar,  whilst  the  latter  con- 
tained much  more  sugar.  Further  experiments  led  to  the  general 
result^  that  the  products  vary  according  to  the  intensity  of  the  action 
of  the  ferment  The  smaller  the  amount  of  ferment  and  the  shorter 
its  action,  the  greater  the  prevalence  of  the  dextrin ;  in  the  opposite 
case,  the  sugar.  The  same  is  true  for  pepsin.  With  a  small  amount 
of  the  ferment,  short  time  of  action,  eta,  syntonine  is  the  chief  pro- 
duct formed;  in  other  cases,  peptone.  Carbonate  of  soda  of  0*5 — 1 
per  cent  arrests  the  action  of  pepsin.  In  all  cases,  the  inter- 
mediate products  dextrin  and  syntonine  (parapeptone)  are  chiefly 
Ibrmed.  These  observations,  together  with  many  others,  prove  that 
the  amorphous  ferments  are  destroyed  during  their  addon.  The 
pancreas  ferment  which  acts  upon  the  fats  presented  great  difficulties 
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in  its  investigatioiL  It  is  very  unstable  in  its  nature.  The  glyce- 
rine extracts  of  the  pancreas  gradually  become  acid,  and  as  soon 
as  this  takes  place  the  fat-decomposing  action  ceases.  Later,  the 
author  employed  a  feebly  alkaline  glycerine.  The  glands  were 
poorest  in  fat  ferment  six  hours  after  an  ample  meal,  and  the  quan- 
tity rose  till  the  fortieth  hoiu*.  The  fat  ferment  is  only  active 
in  an  alkaline  or  neutral  solution.  Even  the  salivary  glands  yield 
far  more  active  extracts  when  they  have  been  exposed  for  some 
time  to  the  air,  than  when  they  are  prepared  quite  fresh.  Similar 
observations  have  been  made  by  Liversidge  and  Heidenhain  for  the 
pancreas ;  by  Yon  Wittich,  Ebstein  and  Miiller  for  the  liver  ;  and 
by  Hammarsten  for  the  ferment  of  the  stomach. 

On  Pakcreatic  Digestion. — G.  Weiss  working  under  Salkowski 
(Virch.  ArchiVf  lxviil  413)  found  zymogen  only  in  four  cases 
out  of  16  (dogs),  whilst  in  the  other  twelve  the  first  extract  was  not 
less  active  than  the  second.  In  six  cases  the  glanrls  were  inactive 
This  is  to  be  explained  by  the  rapidity  with  which  the  zymogen 
undergoes  a  chauge  under  the  action  of  O.  The  pancreas  of  human 
subjects  was  found  to  be  quite  inert. 

Liver. 

On  Lymphatics  of  the  Liver. — A.  Budge  {Ludm^n  Arheii^ny 
Band  x.)  from  his  injection  experiments  draws  the  following  con- 
clusions regarding  the  perivascular  spaces  of  the  liver.  A  closed 
system  of  lymphatics  exists  in  the  Hver,  and  is  in  most  intimate 
relation  to  the  venous  blood-vessels.  Within  the  lobules  there  are 
simple  lymphatic  sheaths  around  the  blood-capillaries,  which  prevent 
the  direct  contact  of  the  hepatic  cells  with  the  blood,  so  that  any 
exchange  between  these  can  only  take  place  through  the  medium 
of  the  lymph.  Just  as  the  blood-capillaries  at  the  margin  of  the 
lobules  unite  into  larger  trunks,  so  the  lymph-sheaths  |)ass  into 
lymphatics,  which  are  placed  in  the  walls  of  the  veins,  and  by  means 
of  the  interlobular  vessels  pour  their  contents  upwards  into  the 
lymphatics  of  the  diaphragm,  and  downwards  into  those  of  the  hilus. 

On  the  Relation  between  the  Quantity  of  Albumen  taken 
in  the  Food,  and  the  Sulphub  excreted  in  the  Bile. — Kunkel 
(Ludwig'B  Arbeiten,  1875)  collected  the  bile  during  the  whole  period 
of  the  experiment  in  caoutchouc  bags.  Of  course,  on  account 
of  the  low  pressure  under  which  the  bile  is  excreted,  care  must 
be  taken  that  there  be  no  resistance  to  its  outflow.  The  experioients 
were  performed  upon  dogs. 

In  the  first  series  of  experiments,  coagulated  lamb's  and  calfs 
blood  was  the  nutriment.  In  five  days  the  amount  of  sulphur  taken 
with  the  blood  was  3*245  granmies;  excreted  by  the  bile  0*615,  and 
by  the  fseces  0*670.  But  as  after  the  exclusion  of  the  bile-duct,  the 
sulphur  in  the  fseces  must  essentially  be  derived  from  the  undigested 
albumen,  the  0*67  mubt  be  deducted  from  the  sulphur  of  the  food; 
2*576  grammes  were  therefore  absorbed  of  which  0*616  was  excreted 
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by  the  bile,  23*8  per  cent.  This  number  is,  however,  too  bigh,  an 
the  animal  had  lost  460  grammes-weight,  Le.  besides  the  food,  had 
also  used  up  other  bodies  containing  sulphur. 

In  the  second  series,  where  flesh  was  given  as  the  food,  14 '7 
percent,  sulphur  was  excreted  in  the  bile;  in  the  third  seiies  17*3 
per  cent.  By  taking  the  individual  days,  it  appears  that  the  amount 
of  sulphur  excreted  in  the  bile,  relatively  to  that  of  the  food,  con- 
tinually increases.  In  the  second  series,  the  percentage  on  the 
second  day  was  9-2:  then  7-7,  96,  127,  21-3,  30-2.  In  the  third 
series,  it  was  13*1,  19*3 — 24'6.  As  the  amount  of  food  taken 
during  the  latter  days  of  tlie  second  series  was  much  less  than  at 
the  early  period  of  the  experiment,  it  follows  that  the  increase  of 
sulphur  excreted  by  the  bile  does  not  occur  on  the  same  day  as  the 
albumen  is  supplied,  but  considerably  later.  Similar  relations  hold 
for  the  sulphur  of  the  urine. — [Lond.  Med.  Rec.  Jan.  1877.] 

Glycogen. 

"  On  the  action  of  warm  Solutions  of  Potash  on  Glycogen,'*     M. 
V.  Vintachgau  and  M.  J.  Dietl,  Fjlugei^B  Arch,  xiii.  253,  and  Central- 

hUUtf   No.  51. "On   Sugar-producing  Ferments  in   the  Animal 

Organism."      M.   Abeles,    Wiener  med,   Jahrh,  1876. "On  the 

action  of  Acids  and  Alkalies  on  the  Liver  Ferment.'*     W.  Ebstein 

and  J.  Mttller,  Ber,  d.  deutsch,  chem.  Ges,  viii.  674. "  On  Glycogen 

and  Glycocoll  in  the  Muscles  of  Pecten  Inodians.**  N.  H.  Chittenden 
(Annal.  d,  Chem.  et  Fluvrm,  clxxyiii.  266)  found  the  amount  of  the 
former  to  be  1*98  to  2*43  per  cent. ;  of  the  latter  0*39 — 0*71,  which 
substance  up  to  this  time  had  not  been  found  in  the  animal  economy. 

On  the  Conversion  op  Glycogen  into  Grape-Sugar  by  Saliva 
AND  Pancreatic  Juice. — Seegen  {Gentralhlatt^  No.  48)  remarks  that 
in  all  physiological  text-books  these  two  secretions  are  said  to  trans- 
form glycogen  rapidly  and  completely  into  grape-sugar.     The  author 
£nds  that  this  is  not  the  case,  even  though  the  glycogen  is  obtained 
in  various  ways.      The  mixture  of  glycogen   and  the  ferment  was 
allowed  to  stand  for  twenty-four  hours ;  still  tlie  solution,  after  com- 
plete fermentation,  contained  only  a  fraction  of  the  grape-sugar  which 
ought  to  have  been  formed  if  the  whole  amount  of  glycogen  dissolved 
had  been  transformed  into  grape-sugar.    The  amount  of  sugar  present 
varied  j  when  saliva  was  the  ferment  employed,  it  varied  from  34  to 
41  per  cent.;  if  the  pancreas  extract  were  employed,  it  was  45  to  48 
per  cent. — Lond.  Med.  Rec  Jan.  1877. 

On  the  Effect  of  Ligature  op  the  Artery  and  Section  of 
THE  Nerve  on  the  quantity  of  Glycogen  in  Muscle. — Th. 
Chandelon  {PJliigei's  Arch.  xiii.  p.  626)  ligatured  the  common  iliac 
artery  on  one  side  of  a  rabbit,  and  after  17 — 24  hours  estimated  the 
amount  of  glycogen  in  the  muscles.  Regularly  there  was  a  diminu- 
tion of  the  glycogen  (from  37  to  77  per  cent.)  on  the  ligatured  side  in 
comparison  with  the  sound  one.  The  author  explains  this  decrease 
by  the  diminished  supply  of  glycogen  or  by  its  more  scanty  formation 
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in  the  badly  nouriabed  moflcle.  The  diminution  after  ligatare  is  greater 
than  that  produced  by  tetanisation  of  the  muscIesL  If  the  sciatie 
nerve  ia  divided  the  amount  of  gljoogen  on  the  side  operated  on  k 
always  increased  from  5 — 17*2  per  cent.  The  increase  of  glycogen  is 
ascribed  by  the  author  to  the  disappearance  of  muscular  actiTity, 
which  very  probably  is  connected  with  the  using  up  of  glycogen  when 
the  glycogen  is  formed  as  under  normal  conditions. 

Oh  the  Intluekck  of  cebtaut  bubstakcss  ov  ths  GLYcoGEr 
OF  THB  LrvEB. — N.  KoDJkoff  (Di88.  Petersburg,  1876,  p.  36,  and 
CeniralbkUi,  No,  42)  comes  to  tlie  following  conclusions :  (1)  la  the 
normal  liver  taken  from  a  living  rabbit  there  is  none  or  only  traees 
of  sugar.  (2)  Nearly  all  glycogen  disappears  from  the  lirvr  of 
a  rabbit  after  starving  it  for  four  days.  (3)  The  introdQction  of 
cane  and  grape-sugar  into  a  rabbif  s  stomach  causes,  even  withio 
6 — 8  hours,  a  considerable  increase  of  glycogen  in  the  liver.  (4) 
This  is  not  the  case  on  giving  an  equal  quantify  of  mannite.  (5) 
Arsenious  add  mixed  with  the  food  produces,  in  large  poisonous 
doses,  complete  disappearance,  and  in  small  doses  considerable  dimi- 
nution, of  the  liver  glycogen.  (6)  The  simultaneous  introduction  of 
sugar  and  arsenious  acid  causes  an  increase  of  glycogen.  (7)  Amy! 
nitrite  and  nitro-bemdn  act  like  arsenious  acid.  (8)  The  sinuilta- 
neous  introduction  of  grape-sugar  and  amyl  nitrite  produces  no  in- 
crease in  the  liver  glycogen.  (9)  It  is  probable  that  the  glycosuria 
caused  by  amyl  nitrite  has  a  relation  to  the  above. 

On  Humak  LtVEB  Glycogen. — E.  Kulz  {Pfiiigei^a  Arch.  xm. 
267)  obtained  from  ten  parts  of  liver  of  a  diabetic  patient,  besidf^ 
sugar,  0*685  grm.  glycogen,  although  the  sectio  was  made  12  hours 
after  death,  and  the  last  meal  was  taken  34  hours  before  death.  The 
glycogen  showed  the  normal  characters.  The  sugar  obtained  by 
boiling  it  with  dilute  HOI.  rotated  the  polarised  ray  to  the  right,  and 
was  capable  of  fermentation. 

On  the  Effect  of  Ligature  of  the  Bile-duct  on  the  Amount 
OF  Glycogen  of  the  Liver.  E.  Kulz  and  E.  Frerichs  {Pfliigm^t 
Arth.  zni.  460,  and  GevvtrMlaU,  No.  55). — In  guinea-pigs  the  amount 
of  glycogen,  after  this  operation,  was  0*088,  0*1,  0*112  grm. ;  in  a 
control  experiment,  0*356  grm.  From  a  rabbit's  liver,  after  ligature 
(for  17—29  hours),  0*095,  0-053,  0*115,  01 23,  0088 ;  thus  showing 
a  considerable  diminution.  The  urine  of  all  these  n-ninntla  contained 
blood-pigment,  albumen,  bile-pigments ;  but  no  sugar,  as  y.  Wittidi 
pointed  out.  In  another  series  of  experiments  the  rabbits  were  first 
allowed  to  starve  for  six  days,  the  bile-duct  was  ligatured,  and  Bagar 
given,  to  see  whether,  under  these  circumstances,  glycogen  would  be 
formed.  The  amounts  of  glycogen  obtained  were  0*069,  0-039,  0*079 
0*115,  0*066  grm.  Even  in  well- nourished  animals,  without  being 
previously  starved,  if  the  bile-duct  was  tied  and  sugar  given,  the 
amount  of  livei'-glycogen  was  small — 0*135 — 0*076  grm. 

<'  On  the  Oxydation  of  Cholic  Acid  with  Acid  Chromate  of  Potash 
and  Sulphuric  Acid."  H.  Tappeiner,  ZeUschr.f.  Biolog.  xii.  60,  and 
Ceniralblatt,  No.  42. "On  BUifuscin.*'     A.  Simonof,  Siizungwb. 


REPORT  ON  PHYSIOLOGY.  563 

d.  Wibner  Acad,  lxxiii.  3.  Abth.  181. "On  Human  BDe."     N. 

Socoloff,  PJluger^a  Arch,  xii.  54. "On  the  appearance  of  Bile 

Salts  in  the  Blood  and  Urine  in  certain  forms  of  Poisoning."  Y» 
Feltz  and  E.  Ritter  {J<mr.  de  VAtuU,  1876,  91,  and  CentralbkiU  No. 
39)  found  these  salts  in  the  urine  in  poisoning  with  arsenic,  arsenate 
of  soda,  tartar  emetic,  when  given  in  such  doses  as  not  to  cause  the 
dogs  to  die  for  several  days. 

Genito-TTbinaby  System. 

Ox  THE  EFFECT  OF  IrBITATION  OF  THE  SkIK  UPON  THE  SECRE- 
TION OF  THE  Kidneys. — Wolkenstein  describes  {Gentralblatty  No. 
31,  1876)  the  result  of  experiments  made  by  him  on  the  effects  of 
the  application  of  irritants  to  the  skin  of  rabbits.  He  arrived  at 
the  following  result.  The  action  of  different  irritants  is  not  constant. 
Slight  irritation  (by  tincture  of  iodine,  mercurial  ointment,  and  solu- 
tions of  tartar  emetic)  causes  only  a  slight  albuminuria,  disappearing 
when  the  cause  ceases  to  act.  No  changes  in  the  kidneys  are  to  be 
found  in  this  case.  When  stronger  means  are  applied  (strong  acids 
and  caustics,  moxas,  kc)  the  animals  die  in  convulsions  (apparently 
unemic).  The  urine  contains  albumen  (often  in  considerable  quantity), 
epithelial  cells  from  the  uriniferous  canals,  and  sometimes  cylinders. 
The  kidneys  in  these  cases  were- enlarged,  and  their  capsule  distended 
and .  easily  removable.  The  parenchyma  of  these  organs  was  of  a 
dirty  reddish  colour.  The  uriniferous  canals  were  filled  by  finely 
granular  epithelial  ceUs  in  which  no  nuclei  could  be  detected ;  the  - 
glomeruli  were  observed,  and,  even  after  treatment  .with  solution  of 
nitrate  of  silver^  the  outline  of  their  epithelium  ooiild  not  be  recog< 
x^ized. 

In  all  the  experiments — more  than  fifty  in  number — the  follow- 
ing phenomena  were  observed.  The  temperature  rapidly  rose,  and 
remained  stationary  as  long  as  albumen  was  found  in  the  urine.  The 
pulse  and  respiration  were  quickened,  and  the  animals  became  emaci- 
ated. When  cantharidised  collodion  was  used,  the  urine  contained 
blood.  The  quantity  of  urine  became  less.  Appetite  and  thirst  were 
lost.  There  was  increased  excretion  of  urea  and  less  of  chlorides. 
The  weight  of  the  body  decreased.  There  was  noticed  inflammatory 
reaction  of  the  skin,  with  inflltration  of  the  subcutaneous  areolar 
tissue,  etc. 

The  author  explains  the  effect  of  the  irritants  in  the  following 
manner.  The  transudation  of  seinim-albumen  from  the  vessels  into 
the  uriniferous  tubes  depends  either  upon  an  increase  of  the  blood- 
pressure,  or  upon  changes  in  the  walls  of  the  vessels.  Sometimes  it 
is  caused  by  a  combination  of  both.  When  cantharides  is  absorbed  by 
the  skin  it  enters  the  circulation,  and  in  being  eliminated  it  pro-  ' 
duces  albuminuria,  in  consequence  of  its  action  upon  the  vessels. 
Iodine  acts  in  the  same  manner.  Acids  likewifie  probably  penetrate 
the  skin  and  produce  diseases  of  the  kidneys  and  vessels.  Mercurial 
ointment  also  becomes  absorbed  and  circulates  as  albuminates  in  the 
blood,  and  probably  produced  albuminuria  in  the  urine,  though  this 
was  not  discovered,  probably  because  it  remains  there  for  a  longer 
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period,  and  was  probably  not  yet  eliminated  when  the  search  was 
made.  No  doubt  the  other  irritants  must  cause  albuminuria,  for  the 
reason  that  their  application  was  followed  by  fever,  constantly  bring- 
ing forth  a  morbid  state  of  the  parenchyma  of  the  organs  and  vessehi. 
Lastly,  albuminuria  may  also  be  caused  by  a  disintegration  of  red 
blood-corpuscles. 

Being  under  the  impression  that  the  nerves  of  the  skin  exdu^ 
sively  become  irritated  by  an  application  of  the  electric  brush,  the 
author  performed  some  new  experiments,  applying  the  irritation  twice 
daily  from  six  to  ten  minutes.  This  was  followed :  (1)  by  an  in- 
crease of  temperature  and  a  greater  frequency  of  the  pulse  and  rec^- 
ration ;  (2)  by  an  increase  in  quantity  of  urine  and  urea,  and  by  a 
decrease  of  the  chlorides;  (3)  by  slight  albuminuria,  which  dis^H 
peared  after  from  three  to  six  hours.  When  the  irritation  was  con- 
tinued seven  or  eight  days,  there  was  much  albuminuria,  wbich 
lasted  six  hours,  even  when  the  irritant  was  not  applied. — Land. 
Med.  Rec.  Feb.  1877. 

"  On  Mechanical,  Chemical  and  Electrical  Irritation  of  the  Skin, 
and  their  effects  on  the  Animal  Organism."  Dr  Feinberg  in  Central- 
UaU,  No.  39,  1876. 

Uri7h$. 

*^  On  the  Fermentation  of  Urine.'*    (C.  Bastian  Comptea  rendus^ 

txxxiii.,  No.  8,  and  CentrcUblatt,  No.  I,  1877). "  On  the  Origin  of 

Phosphate  of  Lime  excreted  by  the  Urine."  Pacquelin  and  Jolly, 
France  Med,,  Nos.  80  and  81, 1'egard  the  phosphate  of  lime  found  in 
the  urine  as,  for  the  most  part,  formed  during  the  secretion  of  the 
urine,  by  the  action  of  phosphatic  salts  on  the  potash  salts.     Tbera* 

peutically  phosphate  of  lime  is  of  no  use,  for  it  is  not  absorbed. 

**  On  the  Hippuric  Acid  in  the  Bodies  of  Herbivora."  H.  Weiske 
(Kellner  and  K.  Wienand),  Zeitsch.  /.  Biolog.  xii.  p.  241,  and  6'«n- 

trcMatt^  No.  6,  1877. "On  the  Ferment  of  Urea."     Muaculus, 

C&mptee  rendtiSj  lxxxii.  p.  333,  found  that  alcohol  precipitated  a 
substance  from  the  urine  of  a  patient  suffering  from  bladder  cataract, 
which,  when  washed  with  alcohol  and  dried,  contained  no  organized 
elements,  and  was  able  to  convert  urea  into  carbonate  of  ammonia. 

On  a  New  Method  op  Estimating  the  Amount  of  Albumen  in 

Urine. — J.  Stulnikow,  CentralblcUtf  No.  46. "  On  Inosite."    Xulz, 

Marb,  Sitzfingsb,  1876,  No.  4. "  On  the  Origin  of  Indican  in  the 

Urine  of  Carnivora." "On  the  Formation  of  Indul."     K   Sal- 

kowski,  Ber.  d.  deuiscli.  chem.  Gee,  ix.  138  and  408.     All  in  Central- 

blatt,  No.   45. "On  a  phenol-forming  substance  in  the   urine," 

CentralblcUt,  No.  47,  1876. "Is  Grape  Sugar  a  Normal  Constitii> 

ent  of  Human  Urine?"  R  Kulz  {PJlilger's  Arch.  xiiL  269)  got  a 
negative  result  from  100  litres  of  urine  obtained  from  two  healthy 

men. "On  the  Formation  of  Allantoin  from  Uric  Acid  in  the 

Organism.'*      E.  Salkowski,  £er.  d,  deutsch.  Cfiem.  Ges.  ix.  719.  and 

CentralblcUt,  No.  48,  1876. "  On  Conjugate  Sulphates  in  Human 

Urine."     K.  v.  d.  Velden,  CentrcdblaU,  No.  49. "On  the  fixcre- 
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'  tion  of  potash-sal ta.^'  A.  Dehn,  Diss.  Boetock,  1876,  and  CeniraB)latt, 
No.  50.—; — "  On  the  Non-existence  of  Mucus  in  the  Urine."  Ac- 
cording to  M^hu  (Bull,  g^n,  de  ihJcr,  1876,  xci.  161)  this  does  not 
exist  in  urine.  The  cloud  which  forms  when  urine  stands  he  regards 
as  consisting  of  epithelial  cells  from  the  bladder  and  detritus  of  epi- 
thelium \  and  in  the  female  in  addition  epithelium  from  the  vagina 

and  pus-cells. "On  Conjugate  Sulphuric  Acids  in  the  Organism." 

E.  Baumann,  PJlUffer^s  Ar<^.  xiii.  285,  and  CentrcUblaUy  No.  53. 

*  <*  On  Urobilin  in  Urine."    J.  Esoff,  Pfliiget^a  AreL  xii.  50. 

On  the  Excretion  of  Oxalic  Acid  by  the  Ubine. — ^P.  Fiir- 
bringer  (Deutsch,  Arch./.  Min.  Med,  xviii.  p.  143,  and  CentralblaUy 
No.  5,  1877)  estimated  the  Oxalic  acid  by  Neubauer's  method,  but 
finds  that  as  the  mean  it  gives  results  under  the  actual  amount  by 
25  per  cent.  He  finds  that  oxalic  acid  is  a  normal  and  constant 
constituent  of  the  urine.  Its  amount  does  not  seem  to  exceed 
20  mgrms.  per  day.  The  amount  of  oxalate  of  lime  precipitated  as 
sediment  on  standing  by  no  means  necessarily  corresponds  to  the 

entire  amount  of  O.  acid  in  the  urine.  Urines  occur  which  upon 
standing  do  not  give  any  precipitate  of  oxalate  of  lime,  but  which  are 
richer  in  oxalic  acid  than  urines  which  give  such  a  precipitate.  The 
chief  solvent  for  oxalate  of  lime  is  acid  phosphate  of  soda.  The  lees 
the  acidity  of  the  urine  the  greater  the  precipitate  of  its  oxalate. 
The  internal  administration  of  bicarbonate  of  soda  does  not  increase, 

but  rather  diminishes  the  excretion  of  O.  Even  aq.  calcis,  taken  in 
moderate  amount  (90 — 360  grms.  daily),  does  not  increase  it.  The 
administration  of  uric  acid  salts  does  not  necessarily  increase  it. 
There  id  no  constant  dependence  between  the  occurrence  of  a  large 
quantity  of  oxalic  acid  in  the  urine  and  interruption  of  the  normal 
processes  of  oxydation. 

Tissue  Metamarphosis, 

*<  On  the  Influence  of  Respiration  on  the  Tissue  Metamorphosis." 
A.  E.  Pfluger,  Pfliiger's  Arch,  xiv.  1.  Abstract  in  CmtralblaU,  No.  5. 
— "  On  the  Effect  of  Diminished  Supply  of  O.  on  the  Decomposi- 
tion of  Albumen  within  the  Organism."  A.  Frankel,  Vvrchow^s 
Arch,  Lxviii.  p.  1,  and  CenlralblaU,  No.  5. 

On  the  Action  of  Salicylic  Acid  and  its  Soda-Salt  on  the 
Metamorphosis  of  the  Tissues. — S.  Wolfsohn  (Diss,  Konigsberg, 
1876),  working  under  J&S6,  experimented  on  dogs.  He  concludes 
that  salicylic  acid  increases  the  decomposition  of  the  tissues  in  a  man- 
ner similar  to  that  which  Salkowski  showed  for  benzoic  acid.  This 
action  cannot  be  ascribed  to  the  increased  diuresis.  In  several  ex- 
periments a  diminution  of  the  temperature  was  observed  after  the 
introduction  of  the  add. 

Skin, 

The  Physiology  of  the  Skin  Treated  Experimentally  and 
Critically. — A.  Rohrig,  Berlin,  8vo.  pp.  217.    Abstract  in  Central- 
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hlait,  No.  45,  1876. ''On  the  Blood-pressure  in  the  G^pUlaries  of 

the  Human  Skin."    N.  v.  Kries,  Ludioig's  ArbeUen^  1857. 

MWc. 

"On  the  Physiology  of  the  Secretion  of  Milk."     A.   Robii^ 

Virch.  Arch,  lxvii.  p.  119,  and  CenircUblatt,  No.  41,  1876. "On 

.Lacto-protein."     O.  Hammarsten,  Nord,  Med.  Arkiv,  Tin.  Hfl.  3. 
"On    the    Quantitative    Estimation    of   Albumen    in    Milk." 
J.  Puis,  Pfliiger'a  Arch.  xiii.  176,  and  CeniralUait,  No.  50. 

MvMvilar  and  Ciliary  Motion. 

On  thb  Theory  of  Double  Muscular  Actiok. — Chirone 
(Retnsta  clinica  di  Bologna,  Oct.  and  Nov.  1876)  discfusaes  the 
question  whether  the  cardiac  diastole  and  dilatation  of  the  arteries 
are  due  to  muscular  action.  He  holds  that,  while  none  of  the 
existing  theories  explain  the  facts  connected  with  these  phenomena, 
the  rhythmical  contraction  in  the  arteries  is  not  the  cause  but  the 
effect  of  an  increased  afflux  of  blood. 

He  further  holds  that  smooth  muscular  fibre  is  endowed  with 
double  action,  and  that  its  iibi*es  are  composed  of  primary  elements 
of  an  ovoid  form,  arranged  in  the  muscle  at  re«t  in  a  panJl^ 
direction  somewhat  obliquely.  When  rotated  vertically  these  ele- 
ments cause  contraction,  with  shortening  and  enlargement  of  the 
muscle  :  when  in  a  more  oblique  direction,  they  cause  elongation  and 
extension. 

With  this  double  muscular  action  are  connected  two  series  of 
nerves — contractile  and  extensile,  examples  of  which  are  seen  in  tlie 
heart,  vessels,  intestine,  and  uterus.  Certain  agents,  such  as  the 
poison  of  the  toad,  atropine,  and  cold,  promote  contractility,  while 
others,  such  as  quinine,  chloral,  <bc,  favour  dilatation. 

With  the  aid  of  muscular  extension  the  author  explains  many 
facts;  strong  stimulation  of  the  vagus-nerve  prolongs  the  diastole; 
stimulation  of  the  central  end  of  a  divided  nerve,  such  as  the  sciatic, 
produces  dilatation  of  the  vessels,  <&c.  These  acts  of  dilatation 
cannot  be  completely  explained  by  any  other  theory.  [Lend.  Med. 
Becy  Feb.  1877.] 

**  On  the  Height  of  the  Contractions  in  Muscles  stimulated  with 
over-maximal  stimuli,"  and  ''The  Height  of  the  Contraction,  of 
Muscle  as  a  function  of  the  Weight.''     E.  Tiegel,  Ludvoig^s  ArbeUen^ 

1875,  and  Ffliiger^s  Arch.  xii.  133. "On  the  relation  between 

Weight  and  Height."     L.  Hermann,  Pflilger's  Arch.  xin.  369,  all  in 

CerUralblaU,  No.  38. "  On  the  Blood-current  in  Muscle."     W.  H. 

Gaakell,  CerUralblatt,  No.  32,  and  Proceedings  of  Roycd  Society^  1877. 
In  extenso  in  this  Journal. "  Warming  pf  Muscle  during  Exten- 
sion." J.  Steiner,  F/luger's  Arch.  xi.  196,  and  CerUraXblctU,  No.  25, 
"  Contractility  and  Double  Refraction."     W.  Englemann,  ibid. 

On  the  Transmission  of  Contraction  and  Negative  Variation 
IN  the  Mammalian  Muscle.— J.  Bernstein  and  J.  Steiner  {R^cheri 
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and  du  BM  Arch.,  1875,  526,  and  CerUralhlaU,  No.  53).  The 
identity  in  the  rapidity  of  contraction  and  negative  variation  in  the  frog's 
muscle  led  to  similar  experiments  on  the  mammalian  muscles.  The 
experiments  on  the  rapidity  of  muscular  contraction  were  made  on  the 
Btemo-mastoid  of  a  curarised  dog,  the  muscle  being  divided  at  its 
sternal  end  and  arranged  on  a  gutta-percha  trough  provided  with  elec- 
trodes for  stimulation.  Several  modifications  of  apparatus  were  em- 
'ployed,  including  Du  Bois  Keymond's  Spring-Myographin,  Helmholtz's 
Myograph,  and  Marey's  Polygraph.  All  these  methods  gave  the  same 
result,  viz.  that  the  rapidity  of  transmission  varied  between  3  and  4 
metres  per  sec.,  i,e,  3*5  as  the  mean, — ^but  still  for  various  reasons,  it 
must  be  reckoned  at  4 — 5  metres.  The  stage  of  latent  stimulation 
was  found  to  be  in  one  case  0*017,  and  in  another  0*028  sec,  thus  not 
essentially  differing  from  that  in  the  frog's  muscle.  On  the  contrary, 
the  duration  of  tihe  wave  of  contraction  (0-27 — 0*49")  was  much 
greater  than  in  the  frog,  but  in  the  intact  rabbit's  stemo-mastoid 
the  value  was  nearly  that  in  the  case  of  the  frog,  so  that  probably 
the  high  value  in  the  case  of  the  dog's  muscles  depends  upon  im* 
perfect  nutrition  of  the  muscle. 

Yery  considerable  difficulties  presented  themselves  in  estimating 
the  rapidity  of  transmission  of  the  negative  variation,  but  two 
successful  experiments  on  rabbits'  muscles  gave  values  of  2*5  metres 
per  sec.  On  stimulating  the  nerve  the  gastrocnemius  yields  quali- 
tatively and  quantitatively  the  same  phenomena  as  in  the  case  of 
-the  frog. 

The  Fobce  op  Ciliary  Motion. — Bowditch  (Boston  Med.  and 
Surg,  Journal,,  1876)  repeated  J.  Wymann's  experiment,  who  found 
that  the  amoutit  of  work  that  could  be  done  by  the  action  of  cilia 
yrsa  very  considerable.  He  found,  for  instance,  that  a  weight  of 
1*3  grms.  placed  on  a  piece  of  mucous  membrane  measuring  12  mm. 
square  excised  from  the  palate  of  the  frog,  moved  forward  15  mm. 
in  a  minute,  and  that  even  with  a  weight  of  48  grms.  the  whole 
mucous  membrane  still  moved  forward,  though  of  course  very  slowly. 

Bowditch  finds  that  the  gi*eate8t  amount  of  work  is  obtained 
with  the  smallest  weights,  and  with  increasing  weights  the  rapidity 
of  motion  decreases,  but  not  proportional  to  the  increase  in  weighty 
but  in  an  increasing  ratio.  The  maximum  amount  of  work  for  every 
cm.  square  of  surface  Bowditch  reckons  to  be  6*805  grm. — ^mm.  per 
minute. 

Bone. 

On  the  efpbcjt  op  Lactic  Acid  on  the  Bones. — Can  the  intro- 
duction of  lactic  acid  into  the  intestines  of  an  animal  remove  inor- 
ganic constituent?  from  the  bones  %  This  question  was  answered  in 
the  affirmative  a  short  time  ago  by  Heitzmann,  who  asserted  that, 
on  feeding  graminivorous  animals  with  lactic  acid,  osteomalacia  could 
be  produced ;  and  that  in  flesh-eaters,  first  rachitis,  and  then  osteo- 
malacia occurred.  E.  Heiss  tested  the  above  assertions  on  a  dog. 
The  experiments  lasted  over  a  year,  and  the  animal  got  in  all  2,286 
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grammes  of  lactic  add.  On  examining  the  bones  they  were  found  to 
be  normal  throughout.  Lactic  acid  was  not  present,  or  if  ao,  onlj  in 
traces,  in  the  urina  The  carefully  conducted  analysis  showed  thai 
the  lactic  acid  had  removed  no  lime  from  the  body.  [Land,  Med.  Rec 
Jan.,  1877.] 

"On  the  origin  of   the  Bodily  Temperature  and   on    Fever* 
8.  Samuel,  Leipzig,   1876,  8vo.  pp.  138,  and  CeniralblaU^  No.  47, 

1876. "  On  the  Cooling  of  the  Body  from  the  Rectum."     D.  a 

Butenberg,  Beuieche  m/id,   WochensdL   1876,   No.   19,   CerUralblaU, 

"No,  45. "  On  the  Effect  of  Cutaneous  Stimulation  on  the  Bodilj 

Temperature."     L.  Jacobson,  Virch,  Arch,  lxyii.  166,  and  CeniralblaU, 

No.  48. ''The  Analogies  to  Dulong-Petit's  Law  in    Animak* 

A.  Adamkiewics,  ReicJiert  u,  du  Bais-Bet/Tnonds  Arch.,  1875,  78. 

"The   Thermal    Conductivity    of   Muscle."     Ibid    233. "The 

Mechanical  Principles  of  Homo-othermie  in  the  Higher   Animals, 

etc."     Ibid.  1876,  248.     AU  in  CmtratUaU,  No.    50,    1876. 

"On  Cooling  of  Warm-blooded  Animals.'*  A.  Horvath,  Pflugeri 
Arch.  xu.  278. 

Temperatube  of  Peripheral  Parts. — ^M.  Adae  (Lisa,  TnYxngen, 
1876),  working  under  Liebermeister,  found  that  on  interrupUng  At 
arterud  circvJUUion  in  the  arm  by  compressing  the  brachial  artefj, 
the  temperature  of  the  palm  of  the  hand  of  the  same  side  sank  2*  0. 
.and  the  same  effect  was  produced  by  the  fillet  used  in  renesectioB 
causing  veruma  congestioru  Bodily  exertion  caused  a  decrease  of  the 
temperature  of  1  '75*^  C.  in  the  closed  palm,  while  that  of  the  coire- 
spending  axilla  rose  0*1  to  0'5^  The  temperature  of  the  palm  only 
rose  after  the  exertion  had  been  continued  for  a  long  time.  Aiter  the 
taking  of  wine,  the  temperature  of  the  palm  generally  sank,  w^faik 
in  the  axilla  it  varied.     The  same  was  the  case  when  beer  waa  taken. 

Miscellanea, 

"On  the  Physiological  action   of  Nitro-pentans,   -aethans,  ani 

-methane."  W.  FUehne^CerUralblatt,  No.  49, 1876. "On  the  actioA 

of  Musk."    W.  Filehne,  Sitzungsb,  d,  Erlang.  Physic.  Med.  Gee.^  1876, 

and  GerUralblaU,  No.  49. "  On  the  alkaloids  of  Fungi"    M.  Schil 

X'  Imparzialey  1876,  CerUralblatty  No.  50,  and  London  Med.   Bec^ 

1876. "  On  the  action  of  Butyl-chloral  on  Rabbits."     H.  VTiod^ 

Schmidt^    Centralblatty  No.   50. ''On  the  action   of   Anemodi 

on  the  Animal  organism."  Curci^  Lo  SperimenUUe,  1876,  xjLxvm, 
No.  7,  and  CentralblaU,  No.  51. 

A  New  form  of  Induction  AppAaATUS. — P.  Bowditcb  (jfVtKwd 
of  American  Acad,  of  Arts  and  Sciences^  1876,  p.  281)  in  a  akoit 
note  describes  a  modification  of  the  du  Bois  Induction  Machinew  It 
this  apparatus,  if  we  wish  to  graduate  the  intensity  of  the  cumrt 
by  the  approximation  of  the  secondary  to  the  primary  coil  one  meed 
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frith  the  difficulty  that  the  intensity  inereases  incomparablj  rapidly, 
viz.  inversely  as  the  square  of  the  distance.  This  difficulty  Bowditch 
tries  to  lessen  by  placing  the  secondary  coil  at  right  angles  to  the 
primaiy  and  causing  the  secondary  coil  to  rotate  round  a  vertical 
axis.  The  intensily  is  then  found  to  be  proportional  to  the  cosine  of 
the  angle  of  rotation,  which  is  indicated  by  a  divided  circle  placed  on 
the  appaiiktus  which  gives  the  intensity  of  the  current. 

The  Physiological  Acttiok  of  Quinine. — According  to  K.  Je- 
rusalimsky  (Berlin  :  Hirschwald)  1875,  and  abstract  in  CenlralhlaU 
far  die  Medidnigchen  Wissensclia/ten,  No.  26,  1876),  quinine  given 
in  small  and  medium  doses  (1  to  5  grains)  always  causes  in  dogs 
(rabbits  and  frogs  are  less  snited  for  these  experiments)  an  increase 
in  the  frequency  of  the  pulse,  it  may  be  even  doubled  and  more. 
Variations  occur,  but  it  never  falls  under  the  normal.  The  pulse 
sinks  rapidly  just  before  death.  The  blood-pressure,  on  the  oontrary, 
has  in  general  the  tendency  to  fall,  only  after  each  injection  there  is 
a  short  period  where,  wiUi  variations,  it  rises  somewhat;  then  it 
gradually  falls  under  the  normal,  though  not  fsir  under,  as  long  as 
DO  large  doses  ar^  given.  Large  doses  (20  to  25  grains)  cause  the 
pressure  to  sink  rapidly  and  generally  at  onc^  but  the  pulse  fre- 
quency, generally  after  a  short  aoeeleration.  The  acceleration  of  the 
pulse,  as  is  shown  by  special  experiments  (section  of  the  vagi,  of  the 
spinal  cord  at  different  heights),  is  the  result  of  a  depression  or 
paralysis  of  the  regulating  and  excitation  of  the  excito-motor  nervous 
system. 

The  condition  of  the  blood-pressure — with  medium  doses  a  short 
increase  lasting  between  twenty  and  sixty  minutes,  then  sinking, 
notwithstanding  increased  pulse-frequency — is  explained  by  the  au- 
thor through  a  complicated  nerve-action.  The  increase  is  caused  by 
paralysis  of  the  regulating  and  stimulation  of  the  vaso-motor  appa- 
ratus. That  the  vaso-motor  centre  in  the  medulla  participates  is 
supported  by  this,  that  after  its  destmction  the  increase  is  only 
feebly  expressed.  The  effect  of  quinine  on  the  vessels  was  ascer- 
tain^ by  direct  observations  on  the  frog,  and  specially  by  the  expe- 
riments on  the  spleen  to  be  preseutly  cited.  After  the  excitation  of 
the  vaso-motor  centre  paralysis  follows  very  rapidly,  which  affects 
the  perijkheral  vessels,  the  excito-motor  cardiac  ganglia  and  the  car- 
diac muscles.  After  large  doses  the  heart  itself  does  not  reply  to 
direct  stimulation.  The  conditions  hei'e  mentioned  are  those  which 
follow  medium  doses ;  after  small  doses  the  tonic  action,  after  large 
the  paralytic  is  more  pronounced.  In  man,  the  author,  after  a  mo^ 
derate  dose  (10  grains),  observed  acceleration  of  the  pulse,  and  in- 
creased heart-beat,  which  in  one  case  increased  to  palpitation.  The 
cause  of  the  difference  in  the  results  between  this  and  other  authors, 
the  author  seeks  to  ascribe  to  difference  in  the  animal  employed. 

The  respiration  is  always  increased  by  small  doses,  slowed  by 
[ai^e  doses,  and  also  rendered  irregular  with  rapid  following  asphyxia. 
This  action  arises  from  the  effect  on  the  respiratory  centre.'  The 
bypersemia  and  even  the  hiemoptysis  observed  by  some  authors  after 
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large  doses  of  qninme  are  probably  due  to  paraljrsis  of  the  Taso-motor 
centre  by  the  quinine. 

The  action  on  the  temperature  was  not  constant  throughoui.  Ib 
most  experiments  it  sank  (at  most  1*5'^  Cent  2*7°  Fahr.);  in  other 
cases  it  rose,  and  this  after  large  doses,  and  in  other  cases  it  varied 
little  from  the  normal  The  author  explains  these  results  by  the 
action  of  quinine  on  supposed  nerve-centres.  After  aectiom  of  the 
spinal  cord,  (1)  between  the  sixth  cervical  and  first  dorsal  vertebra 
there  was  pronounced  iucrease  of  temperature  (3*  to  4®  Cent.  5-4*  to 
7 '2®  Fahr.);  (2)  in  the  region  of  the  second  dorsal  vertebra  the  re- 
verse, and  (3)  under  the  second  to  the  sixth  dorsal  vertebra,  only 
slight  modifications  from  the  normal.  The  author  assumes  the  ex- 
istence of  a  heat^xciting  centre,  opposite  the  second  dorsal  vertebn, 
and  a  heat-regulating  centre,  between  the  sixth  cervical  and  finsi 
dorsal  vertebra,  which  influence  the  exchange  of  material  through 
trophic  nerveiL  The  author  explains  the  modification  in  tempen- 
ture,  by  the  relation  of  quinine  to  these  two  centres.  The  increase 
after  large  doses  would  therefore  be  produced  by  paralyaiB  of  the 
regulating  centre. 

The  rapidity  of  the  blood-current  (investigated  by  Ludwig  and 
Dogiels'  Stromuhr)  is  much  slowed  by  quinine,  in  the  proportion  of 
1  :  2  and  more.  This  phenomenon  is  specially  to  be  ascribed  to  the 
paralysis  of  the  vaso-motor  centre,  for  after  its  destruction  quinine 
can  only  produce  a  very  slight  retardation. 

With  regard  to  the  effect  of  quinine  on  the  colourless  blood-cor- 
puscles, the  author  confirms  the  statements  of  Binz  and  his  scholars. 
He  also  observed  cessation  of  the  amoeboid  movements ;  emigration 
and  diminution  in  the  number  of  these  bodies.  Further,  he  observed 
that  the  corpuscles  which  had  emigrated  had  for  the  most  part  a 
single  nucleus,  whilst  previously  the  greater  number  were  multi- 
nucleated. Like  Manassein,  he  observed  that  the  red  corpasclcB 
became  larger  under  the  influence  of  quinine. 

Confirming  Hosier,  he  observed  also  the  diminution  in  the  size  of 
the  spleen ;  the  organ  becoming  at  the  same  time  tougher,  granulated 
on  the  surface,  and  of  a  brighter  colour.  After  section  ,of  the  splenic 
nerves  (splenic  plexus,  or  semilunar  ganglion  or  splanchnic)  or  of  the 
spinal  cord,  which  produced  of  course  a  considerable  swelling  of  the 
spleen  due  to  paralysis  of  the  vaso-motor  nerves,  the  effect  of  quinine 
still  occurred,  though  to  a  much  less  extent  It  therefore  depends 
primarily  on  the  eflect  of  the  alkaloid  on  the  peripheral  nervous  and 
muscular  elements  of  the  spleen,  and  secondarily  on  the  splaD^inic 
and  central  nervous  system. 

The  Phtsiolooical  Action  op  Nitritb  of  Amyl.— S.  Mayer 
and  J.  Friedrich  {Arch.fUr  exper.  Path.,  Band  v.  p.  55,  and  Ctmiral' 
hlaU  filT  die  Medicin,  WiBsenacJiaften,  No.  38),  in  order  to  avoid  the 
disturbing  efiects  produced  by  inhaling  this  drug  through  the  nose, 
invariably  administered  it  through  a  tracheal  cannida,  and  according 
to  th^  duration  of  inhalation  of  the  vapour,  they  distinguished  a 
weak  (4-60  sec.)  or  a  strong  dose  (over  a  minute).     These  obaerveiS) 
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like  Filebne,  always  observed  a  considerable  increase  in  the  frequency 
of  the  pulse  produced  by  the  amyl  nitrite.  In  the  explanation  of  this 
phenomenon  they  also  agree  with  Filehne,  in  ascribing  it  to  a  dimi- 
nution of  the  tonus  of  the  vagus  centre^  and  adduce  several  new  facts 
in  support  thereof.  In  dogs,  which  have  received  amyl  nitrite,  the 
difference  in  the  number  of  beats  during  inspiration  and  expiration 
disappears ;  further,  if  in  curarised  animals,  when  by  stopping  the 
artificial  respiration,  the  number  of  heart-beats  has  been  reduced,  in 
consequence  of  stimulation  of  the  vagus  centre  by  the  dyspno&io 
blood,  a  small  quantity  of  amyl  nitrite  is  injected  into  the  jugular 
yein,  the  frequency  of  the  heart-beats  increases  just  as  if  the  vagi 
were  divided.    Large  doses  of  amyl  nitrite  paralyse  the  heart  itself. 

Regarding  the  &11  in  blood-pressure  produced  by  amyl  nitrite,  the 
authors  have  succeeded  in  affording  a  new  proof  of  the  view  of  Lauder 
Brunton,  that  this  dnig  acts  directly  on  the  walls  of  the  vessels. 
After  the  method  of  Kussmaul  and  Tenner,  by  cutting  off  the  supply 
of  blood  to  the  brain  and  medulla  oblongata,  they  rendered  these 
organs  inactive,  so  that  all  phenomena  depending  upon  these  centres 
ceased.  If  amyl  nitrite  was  now  inspired,  the  blood-pressure  fell 
considerably. 

After  moderate  doses  the  respiration  became  more  frequent  and 
deeper ;  after  strong  doses  flat  and  very  slow.  In  this  case,  it  is  due 
to  a  direct  action  on  the  respiratory  centre.  That  the  change  in  the 
blood-circulation  does  not  produce  the  dyspnoeic  respiration,  ia  proved 
by  an  experiment  with  diminution  of  the  blood-pressure  by  stimu- 
lating the  nervi  depressores.  In  this  case  acceleration  of  the  respi- 
ration only  occurs  here  and  there,  although  the  diminution  of  the 
blood-pressure  is  greater  than  that  produced  by  the  amyl  nitrite. 

The  spasms  produced  by  this  drug  are  not  caused  by  the  changes 
in  the  circulation,  but  are  due  to  a  direct  stimulation  of  the  brain. 
The  spinal  cord  does  not  appear  to  be  influenced  thereby. 

After  inspiring  the  vapour  for  a  considerable  time,  the  animals 
pass  into  a  condition  where  the  blood-pressure  falls  very  low,  the 
heart-beats  and  the  respiratory  movements  slow,  but  regular,  and  the 
peripheral  nerves  and  the  muscles  remain  excitable.  As  this  stage 
lasts  for  a  long  time  (one  hour),  it  may  be  probably  of  value  for 
some  experiments. 

The  Local  AonoN  op  the  so-called  Astringents  on  thb 
Blooi>-Ves8ELs. — H.  Rosenstim  (WursA,  Fhys.  Med.  Ver?umdlungen, 
IX.  p.  32,  and  GerUralblate  fWr  die  Medicm,  Wisaenscka/ten,  No.  35) 
tested  solutions  of  nitrate  of  silver,  acetate  of  lead,  tannic,  gallic, 
and  pyrogallic  acids,  sesquichloride  of  iron  and  alum,  by  placiog 
them  upon  the  mesentery- of  a  curarised  frog,  and  estimating  the  size 
of  the  lumen  of  the  i^Sected  vessel  by  means  of  the  microscope. 
Nitrate  of  silver  acted  most  powerfully  on  the  vessels;  it  wa« 
employed  in  solution  from  1  to  10  per  cent.  The  observation  was 
often  interfered  with  by  the  turbidity  produced  in  the  tissues.  The 
contraction  extended  to  about  half  the  lumen  of  both  arteries  and 
reins,  and  in  a  much  less  degree  in  the  capillaries.     The  reaction 
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occarred  within  a  few  seoonds.  Stagnation  generally  took  place  in 
the  vessels,  permanent  in  the  capillaries,  and  temporary  in  the  arteries 
and  veins.  Tannic  acid  had  exactly  the  opposite  effect.  Under  its 
influence  the  arteries  dilate,  even  the  veins  and  capillaries  to  the 
extent  of  one-half  of  their  lumen,  and  appear  to  be  over-fiUed  with 
blood-corpuscles.  The  dilated  vessels  become  narrowed  at  onoe  by 
the  action  of  nitrate  of  silver.  Gallic  and  pyrogallic  acids  have  an 
action  similar  to  tannic  acid.  Acetate  of  lead  acts  more  feebly  than 
nitrate  of  silver.  It  narrows  the  arteries  and  veins,  but  no  effect 
was  observed  on  the  capillaries.  Sometimes  also  standstill  of  the 
circulation  occurs.  A  10  per  cent,  solution  of  sesquichloride  of  iron 
had  no  effect ;  in  a  50  per  cent,  solution  it  narrowed  the  vessels  leas 
than  acetate  of  lead.  This  narrowing  is  limited  to  the  arteries  and 
veins,  while  the  capillaries  dilate.  Coagulation  and  discoloration  of 
the  blood  within  the  vessels  often  occur.  The  results  of  the  alum 
solution  were  variable. 

In  order  to  exclude  a  reflex  action,  the  spinal  cord  was  dostaiyed 
and  the  heart  ligatured. 

The  author  therefore  ascribes  an  astringent  effect,  i.  e,  oontraedon 
of  the  vessels,  only  to  nitrate  of  silver  and  acetate  of  lead ;  ^whilst 
this  action  is  doubtful  for  alum  and  solution  of  sesquichloride  of 
iron,  and  is  certainly  not  the  case  with  the  group  to  which  taaiiio 
acid  belongs. 

Thb  Physiological  Actioks  of  Colohicik. — J.  Boasbadi 
{Pflilger^a  Arc/iiv,  Band  xil)  remarks  that  the  most  striking  phe- 
nomenon produced  by  this  drug  is  the  complete  loss  of  sensibility  bj 
paralysis  of  the  peripheral  and  the  central  nerve  terminations.  The 
reflex  excitability  is  extiuguished.  The  motor  nerves  and  the  Qras^des 
preserve  their  excitability  till  death.  In  many  animals  the  paralysis 
is  preceded  by  a  stage  of  excitation,  which  in  frogs  may  proceed  to  a 
spasmodic  attack.  The  circulation  of  the  blood  is  only  slightly 
affected  by  the  poison.  The  heart  continues  to  beat  evep  after  the 
appearance  of  the  paralysis  of  the  central  nervous  system.  Ths 
blood-pressure  remains  long  unchanged,  and  sinks  only  at  death,  and 
the  paralysis  of  the  inhibitory  cardiac  nerves  also  occurs  late.  The 
respirations  gradually  become  less  frequent,  until  complete  standstill 
occars,  so  that  one  must  conclude  that  the  respiratory  centre  is 
paralysed.  In  warm-blooded  animals,  and  especially  in  oats  poisoned 
with  this  drug,  the  whole  gastric  and  intestinal  mucous  memlxms 
was  swollen  and  strongly  injected,  and  bloody  mucus  was  found  in  tiie 
intestine*  As  a  consequence  of  this,  during  life  there  was  diarrhoos, 
vomiting,  and  colic-like  pain.  The  cause  of  the  strong  injection  of 
the  vessels  was  not  determined.  The  fibres  of  the  splandiinic  and 
abdominal  vagus  were  not  paralysed.  The  kidneys  were  also  strong)j 
hypenemic  and  their  secretion  diminished. 

The  action  of  colchicin  occurs  very  slowly,  and  death  only  takes 
place  after  seveitd  hours.  It  is  remarkable,  as  Schroff  had  alreadf 
indicated,  that  the  amount  of  the  dose  has  no  important  infln^ffw^^ 
either  on  the  intensity  or  on  the  rapidity  of  the  poisoning.     A  few 
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centigrammes,  in  cats  several  milligrammes,  soffice  to  produce  death, 
which  occurs  through  stoppage  of  the  respiration,  tiie  heart  still 
continuing  to  beat.  In  this  stage  tonic  or  clonic  spasms  sometimes 
occurred  in  rabbits  and  cats.  These  the  author  regarded  as  the 
spaons  of  asphyxia.     Doses  smaller  thaa  are  lethal  have  no  effect 

The  author,  therefore,  does  not  regard  oolchicin  as  a  therapeutic 
agent  of  much  value.  It  may  be  used  as  a  local  ansasthetio,  and 
Gerhardt  uses  it  as  such,  for  application  to  the  mucous  membrane  of 
the  pharynx  and  larynx. 

On  the  Local  Action  op  Sulphate  of  Atropin. — A.  Zeller 
(Virch,  Arch,  Lxvii.  384)  finds  that  a  half  per  cent  sulphate  of  atropin 
in  NaCl  solution  abolishes  the  movements  of  the  colourless  corpuscles 
after  a  short  time. 

On  the  Influence  of  Etherisation  on  Vital  Phenomena. 
— {Frogr^  Midical,  November  4,  1876.)  Bernard  had  shown  that 
ansesthetics  suppress,  during  thor  action,  some  vital  phenomena, 
movements  of  the  sensitive  plant,  germination  of  cresses,  fermenta- 
tion of  beer-yeast,  dK^  His  recent  experiments  have  been  made  on 
the  lower  animals — small  eels.  It  is  known  that  these  animals  when 
dry  lose  all  movement,  and  remain  inert,  but  it  is  sufficient  to  place 
them  in  water  to  see  them  resume  their  movement.  If  we  plunge 
them  in  pui*e  chloroformed  water  the  movements  disappear,  and 
immersion  in  water  will  not  bring  them  back;  the  animals  are  dead. 
But  if  we  plunge  them  into  a  chloroformed  solution  diluted  with  its 
weight  of  water  the  movements  cease,  the  animals  fall  inert  On 
withdrawing  them  from  this  liquid  to  place  them  in  water,  however, 
the  movements  are  renewed ;  in  this  the  anssthetie  action  has  not 
been  strong  enough  to  kill  the  animals.  Etherised  water  acts  in  a 
similar  manner,  but  with  less  intensity  than  chloroform. 

How  do  the  aniesthetics  act  ?  Their  action  is  exerted  on  all  the 
elements  as  well  as  on  the  nervous  system,  which  is  the  first  affected. 
The  exact  nature  of  the  phenomena  iust  s'tiU  be  sought ;  nevertheless 
it  seems  probable  that  it  is  the  protoplasm  which  is  modified  by  the 
anesthetic  agent.  It  has  been  remarked  that  the  muscles  during 
etherisation  become  opaqae,  and  recover  their  transparency  on  its 
cessation. 

M. .  Berthelot  has  suggested  that  aniesthesia  in  vegetables  and 
animals  may  be  due  to  a  chemical  modification  of  a  substance, 
analogous  to  the  proximate  principles  of  the  cerebral  substance^ 
which  has  been  found  existing  in  the  sensitive  plant  and  in  the  seeds 
of  vegetables. 

Das  Pbincip  dbb  Wachsthums. — F.  Boll,  Berlin  1876;  pp.  82. 
1  plate. 

Text  Booh. 
"  Text  Book  of  Physiology,"  by  Michael  Poster. 
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ON   THE    FORMATION    OF    FAT    IN   THE    ANIMAL 
BODY*.    By  J.  B.  Lawes,  M.D.,  and  J.  R  Gilbert,  M.D. 

PLATE  XXII. 

Formerly  it  was  supposed  that  the  fat  of  the  Herbivora  was 
derived  exclusively  from  ready-formed  fat  in  their  vegetable 
food.  Liebig  showed  that  this  could  not  be  the  case ;  and  he 
attributed  much  of  the  fat  of  the  animal  body  to  the  carbo- 
hydrates of  the  food.  His  views  on  the  point  were  at  first  called 
in  question  by  Dumas,  Boussingault,  and  others,  but  afterwards 
accepted.  Our  own  very  numerous  feeding  experiments,  com- 
mencing about  30  years  ago,  together  with  a  careful  considera- 
tion of  the  experience  of  practical  feeding,  afforded  strong 
confirmation  of  Liebig's  conclusions;  and  more  especially  in 
1852*,  and  subsequently,  we  pointed  out  the  bearing  of  the 
results  on  the  question. 

At  a  meeting  of  the  Congress  of  Agricultural  Chemists  held 
in  Munich,  in  1865,  Professor  Voit  combatted  this  view.  From 
the  results  of  experiments  with  dogs,  made  in  Pettenkofei's 
respiration-apparatus,  he  maintained  that  fat  must  have  been 
produced  from  the  transformation  of  nitrogenous  substance ; 
and  further,  that  this  was  probably  the  chief,  if  not  the  only, 
source  of  the  fat,  even  of  Herbivora.  In  1869  he  elaborately 
argued  the  point,  not  only  in  reference  to  the  results  of  his  own 
experiments  with  dogs  and  with  cows,  but  also  to  the  records 
of  those  of  various  other  experimenters,  with  various  descrip- 
tions of  animal ;  and  he  has  subsequently  made  further  con- 
tributions on  the  subject,  conjointly  with  Professor  Pettenkofer. 
If  their  results,  obtained  with  a  dog,  and  their  conclusions 

^  The  snbBtanoe  of  this  paper  was  given  by  one  of  ns  at  the  Natnrforsoher 
Versammlung  (Section  ftir  Landwirthschaft-  und  Agricultor-Chemie)  at  Ham- 
burg, in  September,  1876. 

'  On  the  Composition  of  Foods  in  relation  to  Respiration  and  the  Feeding  of 
Animals.  Report  of  the  British  Association  for  the  Advancement  of  Science,  for 
1852. 
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drawn  from  them,  were  to  be  described  in  a  few  words,  tber 
might  perhaps  be  so  as  follows : — When  a  dog  was  fed  on  starck 
or  sugar,  alone,  or  with  albumin,  or  with  fat  and  albumin,  tbe 
carbon  stored  up  was  not  more  than  that  in  the  fat  of  the  food 
plus  that  which  could  be  derived  from  the  albumin  broken  vp. 
There  was,  therefore,  no  proof  that  fat  can  be  formed  from  the 
carbo-hydrates.     Again,  when  a  dog  was  fed  with  starch  and  i 
little  fat,  but  no  albumin,  the  carbon  stored  up  was  equal  to 
that  of  the  fat  of  the  food  plus  that  derived  from  the  trans- 
formed nitrogenous  substance  of  the  body.  More  starch  reduced 
the  amount  of  carbon  stored  up;    the  carbo-hydrate  having 
protected  the  albumin  of  the  body  from  oxidation,  and  thus 
limited  the  formation  of  fat.     They  never  found  fat  formed 
from  starch  or  sugar.    They  maintain  that  the  same  must  occur 
with  the  JSerbivora;  and  that  to  establish  the  formation  of  hX 
from  the  carbo-hydrates,  experiments  must  be  brought  forward 
in  which  the  fat  deposited  is  in  excess  of  that  supplied  by  the  food 
plus  that  which  could  be  derived  from  the  transformed  albumin. 
This,  many  of  our  own  experiments  with  pigs  do  deariy 
show;  and  in  1866  we  published  a  short  paper ^  in  which  we 
illustrated  the  bearing  of  some  of  them  on  the  point.     In  his 
paper  in  1869',  Professor  Yoit  xjuotes  some  of  those  results,  and 
admits  that  in  the  experiments  in  which  there  waa  oaly  a 
medium  albuminous  supply  in  the  food,  there  was,  as  the  figures 
stand,  a  considerable  deficiency  for  the  formation  of  the  fat  pro- 
duced, and  a  greater  deficiency  still  in  the  cases  in  whidi  the 
relation  of  the  nitrogenous  to  the  non-nitrogenous  constituents 
was  such  as  experience  has  shown  to  be  the  most  favouraUe 
for  pig-fattening ;  and  that,  therefore,  a  considerable  amount  of 
fat  would,  in  these  instances,  appear  to  have  been  derived  from 
the  carbo-hydrates.    Still,  Professor  Yoit  says  he  cannot  allow 
himself  to  consider  a  transformation  of  carbo-hydrates  into  fal 
to  be  proved  thereby.     He  confesses  that  he  has  not  been  able 
to  get  a  general  view  of  the  experiments  out  of  the  mass  of 
figures  recorded,  and  suggests  several  possible  sources  of  errcff, 
his  reference  to  some  of  which  shows  that  he  has  in  fact  mis- 
understood them.     At  the  same  time,  he  proposed  that  new 

1  On  the  SonroeB  of  the  Fat  of  the  Animal  Body.    PhilotophUiU  Maganm^ 
December  1866. 

•  ZeiUchriftfUr  BiologU,    Band  v. 
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experiments  with  geese  and  with  pigs  should  be  made,  in  order 
to  arrive  at  a  final  decision  on  the  question ;  and  in  a  very  recent 
conversation  with  one  of  us,  he  expressed  his  willingness  to 
undertake  a  conclusive  experiment  with  pigs. 

Weiske  and  Wildt^  undertook  an  investigation  to  deter- 
mine the  point ;  which,  from  a  theoretical  point  of  view,  was 
well  conceived;  but  which  did  not  succeed,  owing  to  the 
oversight  of  the  conditions  indicated  by  experience  as  essential 
to  the  rapid  fattening  of  the  animal.  They  selected  four  pigs ; 
two  were  slaughtered  to  determine  the  initial  composition ;  one 
was  fed  on  food  so  rich  in  nitrogen  that  it  suffered  in  health, 
and  the  experiment  had  to  be  discontinued;  the  other  was 
fed  on  food  so  poor  that  it  fattened  extremely  slowly;  and 
hence,  at  the  conclusion,  calculation  showed  that  there  was 
enough  of  the  consumed  nitrogenous  matter  available  for  fat- 
formation  to  cover  the  whole  of  the  fat  which  had  been  produced. 

Thus,  it  has  been  concluded  from  experiments  with  animals 
which  are  not  preeminently  fat-producers,  that  fat  is  probably 
never  formed  in  the  body  from  the  carbo*hydrates ;  and  some 
of  the  experiments  with  more  suitable  animals  have  been,  to  say 
the  least,  inconclusive.  Further,  it  seems  to  be  assumed,  that 
no  absolute  proof  on  the  point  can  be  obtained  without  the 
Aid  of  a  respiration-apparatus.  These  views,  moreover,  have 
already  been  adopted,  not  only  by  some  physiologists,  but  in 
some  text-books  treating  of  the  application  of  chemistry  to  the 
feeding  of  the  animals  of  the  farm*  Thus,  Professor  Emil  WolflF, 
in  his  LandmrthschafUiche  Filttefungslehre — although  he  admits 
that  the  amounts  of  increase  produced  in  relation  to  constituents 
of  food  consumed,  which  it  is  established  by  common  observation 
may  be  obtained  with  pigs,  and  still  more  those  recorded  in 
some  direct  experiments  with  those  animals,  are  almost  incom* 
prehensible  without  assuming  the  direct  concurrence  of  the 
carbo-hydrates  in  the  formation  of  &t — nevertheless,  seems 
to  consider  that  evidence  of  the  kind  in  question,  and  we  sup- 
pose our  own,  therefore,  is  inconclusive.  He  says  that  exact 
experiments  are  still  wanting;  and  he  suggests  that  accurate 
respiration-experiments  with  pigs  should  be  made,  to  settle 
definitively  whether  the  carbo-hydrates^  as  well  as  albumin, 
can  contribute  directly  to  the  formation  of  fat  in  the  animal  body. 

^  lb.    Band  z. 
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Since  the  appearance  of  Professor  Emil  Wolff's  wofk,  and 
the  publication  of  the  negative  results  of  Weiske  and  Wildt»  we 
have  carefully  reviewed  and  recalculated  many  of  the  resalts  of 
our  feeding  experiments,  including  those  with  oxen,  with  sheep^ 
and  with  pigs ;  in  order  to  satisfy  ourselves  whether  any  doubt 
could  be  entertained  of  the  views  we  have  previously  advocated; 
and  whether,  therefore,  it  was  at  all  incumbent  upon  us  to  insti- 
tute new  experiments  on  the  point  The  result  of  this  exami- 
nation, so  far  as  the  ruminant  animals  are  concerned,  has  been 
to  show  that,  owing  to  the  comparatively  small  amount  of  in- 
crease obtained  with  them  from  a  given  amount  of  constituefnts 
consumed,  the  quantity  of  nitrogenous  substance  passed  through 
the  system  for  the  production  of  a  given  amount  <^  increase 
was,  in  most,  if  not  in  all  cases,  so  large  as,  in  the  absence  of 
proof  to  the  contrary,  to  admit  of  the  assumption  that  the  whole 
of  the  fat  formed  had  its  source  in  transformed  nitrogenous 
matter.  At  any  rate,  no  absolute  proof  of  the  derivation  of  &t 
from  the  carbo-hydrates  can  be  obtained  from  data  of  the  kind 
in  question  relating  to  such  animals.  In  deciding  the  point  in 
regard  to  them,  the  evidence  afforded  by  the  analysis  of  the 
fsBces  and  of  the  urine,  and  by  the  determination  of  the  pro- 
ducts of  respiration,  must  also  be  brought  into  consideration. 
It  was  quite  otherwise,  however,  in  the  case  of  our  experiments 
with  pigs ;  in  many  of  which  much  more  fat  was  produced  than 
could  possibly  have  been  derived  from  transformed  albumin  of 
the  food.  We  concluded,  therefore,  that  we  were  in  no  way 
called  upon  to  institute  new  experiments,  and  decided,  instead, 
again  to  direct  attention  to  the  results  quoted  in  the  short 
paper  on  the  subject  published  in  1866,  as  already  referred  to. 

The  figures  given  in  Table  I*  of  that  paper  show  how 
much  smaller  is  the  proportion  of  alimentary  organs  and  con* 
tents  in  a  given  live-weight  of  the  pig  than  of  either  oxen  or 
sheep ;  that,  in  proportion  to  a  given  live- weight,  the  pig  con- 
sumes a  very  much  larger  quantity  of  dry  substance  of  food 
within  a  given  time  (whilst  his  food  contains  a  veiy  much  laiger 
proportion  of  digestible,  and  therefore,  very  much  less  of  neces- 
sary effete  matter) ;  that  he  gives  several  times  as  much  increase 
in  relation  to  a  given  live-weight  within  a  given  time;  much 
more  increase  in  relation  to  a  given  quantity  of  dry  substance 
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of  food ;  also  a  larger  proportion  of  fat  in  that  increase.  Fur- 
ther, the  most  appropriate  fattening  food  of  the  pig  contains  a 
larger  proportion  of  readily  digestible  carbo-hydrates  than  that 
of  the  ruminant  animals.  All  these  conditions  indicate  the  pig 
to  be  the  most  suitable  animal  for  the  determination  of  the 
point  in  question. 

The  results  selected  to  illustrate  the  main  point  are  given 
in  Table  II.  of  the  same  paper.  They  were  all  obtained  more 
than  20,  and  some  more  than  25  years  ago;  and  the  rations 
were  not  arranged  with  a  special  view  t-o  the  settlement  of 
this  question;  but  to  determine  the  relations  of  the  different 
constituents  of  food  to  various  exigencies  of  the  body,  and  the 
amount,  and  the  proportion  of  different  foods  which  were  the 
most  favourable  for  the  feeding  of  the  animals.  Accordingly, 
the  series  included  proportions  varying  from  2*0  to  6*6  parts 
of  non-nitrogenous  to  1  of  nitrogenous  substance  in  the  food. 

In  experiment  1,  two  animals  were  selected,  of  the  same 
litter,  and  as  nearly  as  possible  alike  both  in  character  and 
weight;  the  weight  of  the  one  being  1001bs.|  and  that  of  the 
other  103  lbs.  One  was  slaughtered  at  once,  and  its  contents  of 
nitrogenous  substance,  fat,  mineral  matter,  &c.,  accurately  de- 
termined. The  other  was  fed  on  a  mixture  consisting  of  bean- 
meal,  lentil-meal,  and  bran,  each  one  part,  and  barley-meal 
three  parts,  given  ad  libitum,  but  accurately  weighed,  for  a  pe- 
riod of  ten  weeks,  when  it  had  nearly  doubled  its  weight.  The 
food  contained,  however,  a  considerably  higher  proportion  of 
nitrogenous  to  non-nitrogenous  constituents  than  is  recognised 
as  the  most  favourable  for  the  fattening  of  the  pig.  The  ani- 
mal was  then  slaughtered,  and  analysed,  as  the  other  had  been. 
The  composition  of  the  food  was  also  determined  by  analysis. 
The  experiment  afforded,  therefore,  reliable  data  for  determin- 
ing the  amounts  of  fatty  and  nitrogenous  substance  consumed, 
the  amount  of  nitrogenous  substance  stored  up  in  the  animal 
as  such,  and  also  the  amount  of  fat  stored  up. 

Eight  other  experiments  were  quoted,  in  each  of  which  a 
different  food-mixture  was  employed,  and  in  each  of  which 
three  animals  were  fed,  in  some  cases  for  a  period  of  eight,  and 
in  others  of  ten  weeks.  The  average  live-weight  per  head  at 
the  commencement  was,  in  these  eight  experiments,  respec- 
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4jively,  143, 147,  144, 149,  95,  95,  94,  and  97  lbs.  Thns,  in  the 
first  four  cases,  the  average  initial  weight  per  head  was  notably 
more  than  that  of  the  two  animals  of  experiment  1 ;  but  in  the  last 
four  experiments  it  was  very  nearly  the  same*  In  the  calcula- 
tioDSy  the  percentage  composition  of  the  animals  in  experiments 
2 — 9  was  assumed  to  be  the  same  at  the  commencement  as 
that  of  the  onfattened  animal  in  experiment  1,  and  the  same 
at  the  eonclusioin  as  that  of  the  fattened  animal  in  experiment 
1.  It  was  quite  obvious^  during  the  progress  of  the  experi- 
xnents,  that  the  animals  having  the  higher  proportions  of  nitro* 
gen  in  their  food,  grew  more^  and  fattened  less,  than  the  othen; 
and  careful  observations,  made  after  slaughtering,  entirely  con- 
firmed this.  The  tendency  to  error  in  the  calculations  would 
be  to  indicate  too  low  an  amount  of  nitrogenous  substance,  and 
too  high  an  amount  of  fat  stored  up  in  the  cases  with  the 
higher  proportions  of  nitrogenous  substance  in  the  food,  and 
too  high  an  amount  of  nitrogenous  substance,  and  too  low  an 
amount  of  £Ett  stored  up  with  the  lower  proportions  of  nitro- 
genous substance  consumed  The  range  of  the  probable  error 
here  supposed  is,  however,  not  such  as  at  all  to  throw  doubt  <m 
the  validity  of  the  main  conclusions  which  are  drawn  from  the 
figures  as  they  stand. 

A  comparison  of  the  amount  of  re^y-formed  fat  in  the 
food,  with  that  of  the  determined  or  estimated  total  fat  stored 
up  in  tlie  increase  of  the  respective  lots  of  animals,  showed  that^, 
even  supposing  the  whole  of  that  consumed  had  been  retained, 
there  remained  from  two-thirda  to  nine-tentbs  of  the  total 
amount  stored  up  to  be  otherwise  accounted  for.  It  must  have 
been  produced  within  the  body. 

The  next  question  was,  whether  this  large  amount  of  pro- 
duced fat  could  possibly  have  been  derived  from  the  nitrogenous 
constituents  of  the  food  ?  or  whether  it  must  of  necessity  have 
had  its  source,  in  greater  or  less  proportion,  in  the  carbo- 
hydrates at  the  same  time  supplied  ? 

Deducting  from  the  total  amount  of  nitrogenous  substance 
consumed,  the  small  amount  estimated  to  be  stored  up  as  such 
in  the  increase  of  the  animal,  there  remained  a  large  pro- 
portion available,  it  may  be,  for  the  formation  of  fat,  with  other 
nroducts.    In  order  to  give  to  the  nitrogenous  substance  of  the 
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food  not  stored  up,  its  fullest  possible  (and  even  more  than 
its  fullest)  value  for  fat-formation,  the  whole  of  its  carbon,^ 
wimia  that  which  its  nitrogen  would  require  to  form  urea,  is^ 
for  the  sake  of  illustration,  assumed  to  be  available  for  fat* 
formation. 

So  calculated,  the  result  in  experiment  1,  and  also  in  two 
of  the  other  cases  in  which  the  proportion  of  nitrogenous  to 
non-nitrogenous  substance  in  the  food  was  considerably  higher 
than  is  recognised  by  experience  as  the  most  suitable  in  the 
fattening  food  of  the  pig,  was  that  more  nitrogenous  substance 
was  available  for  fieit-formation  than  was  necessary  to  supply 
the  estimated  amount  of  produced  fat.  In  the  cases  in  which 
the  nitrogenous  substance  was  not  so  excessive,  but  still  more 
than  is  the  most  appropriate,  there  was  a  considerable  pro- 
portion of  the  total  produced  fat  which  could  not  possibly  have 
been  derived  from  the  nitrogenous  substance  of  the  food. 
Lastly,  when  the  proportion  of  the  nitrogenous  to  the  non- 
nitrogenous  substance  in  the  food  was  the  most  appropriate 
for  fattening,  there  was  a  much  larger  proportion  (about  40 
per  cent.)  of  the  total  produced  fat,  which  could  not  possibly 
have  had  its  source  in  the  nitrogenous  substance  consumed. 

Striking  as  are  these  results,  it  is  obvious  that  a  still  larger 
proportion  of  the  produced  fat  would  appear  to  be  formed  from 
the  carbo-hydrates,  if  it  were  assumed,  with  Henneberg  and 
Yoit,  and  as  is  doubtless  nearer  the  truth,  that  TOO  parts  of 
albumin  will  not  yield  more  than  51*4  parts  of  fat,  instead  of, 
according  to  the  foregoing  illustration,  about  61  parts. 

It  will  be  well,  however,  briefly  to  consider,  whether  an 
amount  of  error  in  the  estimates,  which  would  turn  the  scale, 
and  show  that  the  whole  of  the  produced  fat  might  be  derived 
from  the  nitrogenous  substance  of  the  food,  is  at  all  conceivable, 
at  any  rate  in  the  cases  in  which  the  proportion  of  the  nitro- 
genous to  the  non-nitrogenous  constituents  consumed  was  the 
most  nearly  that  which  is  recognised  as  the  most  favourable 
for  pig-fattening,  and  in  which  the  largest  amount  of  formation 
from  the  carbo-hydrates  is  indicated. 

Obviously,  the  most  important  point  to  consider  is  the 
range  of  error  admissible  in  the  estimation  of  the  fat  stored 
up  in  the  increase  of  the  animal. 
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It  would  be  necessary  to  reduce  the  estimate  of  the  axoouni 
of  fat  stored  up  by  more  than  30  per  cent  to  bring  it  low 
enough  to  be  covered  by  the  fat  in  the  food,  pltu  that  deriv- 
able from  the  transformed  nitrogenous  substance,  leaving  all 
the  other  calculations  the  same.  If,  however,  we  were  to 
assume  that  100  nitrogenous  substance  yielded  only  51*4  fat, 
it  would  be  requisite  to  reduce  the  estimate  of  the  fat  in  the 
increase  by  more  than  40  per  cent.,  to  reverse  the  indication. 
This  is  on  the  assumption  that  the  whole  of  the  fat  of  the  food 
was  stored  up  in  the  animal,  which  would  certainly  not  be  the 
case.  It  is  also  on  the  assumption  that  the  whole  of  the  nitn>- 
genous  substance  of  the  food,  not  stored  up  as  such  in  the 
increase,  was  digested,  and  available  for  transformation  into 
fat,  &c.,  but  this  again  is  certainly  not  the  case.  According  to 
our  own  experiments,  it  may  be  supposed  that,  with  a  pig 
feeding  exclusively  on  good  barley-meal,  about  one-sixth  of 
the  total  nitrogen  voided  would  be  in  the  faeces.  But  if  it  be 
assumed,  according  to  the  estimates  of  E.  Wolff*,  that  20  per 
cent,  of  the  nitrogenous  substance,  and  32  per  cent  of  the  fat 
of  the  barley,  would  be  voided  undigested,  and  therefore  without 
contributing  to  the  deposition  of  fat,  our  estimate  of  the  amount 
of  fat  stored  up  in  the  increase  would  have  to  be  reduced  by 
more  than  55  per  cent,  or  considerably  more  than  half,  to  bring 
it  within  the  amount  derivable  from  the  resorbed  fat,  and  the 
transformed  nitrogenous  substance  of  the  food. 

It  is  submitted  that  a  range  of  error  in  our  estimates,  at  all 
approaching  even  the  lowest  of  those  above  assumed  for  the 
sake  of  illustration,  is  simply  impossible.  It  is  further  sub- 
mitted, with  the  utmost  confidence,  that  such  is  the  wide 
margin  in  the  case  of  pigs  fattening  rapidly  on  their  most 
appropriate  fattening  food,  that  the  question  of  whether  or 
not  the  carbo-hydrates  contribute  to  fat-formation  may  be 
conclusively  settled  by  a  properly  conducted  experiment  with 
those  animals,  without  any  analysis  of  the  faeces  or  the  urine, 
or  any  determination  of  the  products  of  respiration.  To  this 
end,  we  would  suggest  that  two  animals  be  selected,  of  a  breed 
of  good  fattening  quality,  and  as  nearly  as  possible  alike  in 
characters  and  in  weight    A  convenient  size  and  weight  would 

^  LandwirtJuchaftliehe  FUtterunguUhre,  Appendix,  Table  I. 
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be,  say  about  90  lbs.  per  head.  Let  each  be  fed  with  ground 
barley  of  good  quality,  giving  it,  by  degrees,  as  much  as  it  will 
consume,  until  both  weigh  about  100  lbs.  Then  slaughter  one, 
and  determine  its  total  amount  of  nitrogenous  substance,  fat, 
&c.  Feed  the  other  in  the  same  way,  that  is  with  barley-meal 
(and  water)  exclusively,  as  much  as  it  will  consume,  until  it 
reaches  about  200  lbs.  in  weight.  Then  slaughter  and  analyse 
it,  as  the  first.  The  quantity  and  composition  of  the  food 
must,  of  course,  also  be  determined.  Such  an  animal  would 
consume  somewhere  about  500  lbs.  of  barley,  more  or  less,  and 
increase  from  100  lbs.  to  200  lbs.  in  live-weight,  in  from  8  to 
10  weeks,  more  or  Iqss,  according  to  quality  of  the  animal, 
quality  of  the  food,  &c.  &c.  It  is  desirable  that  the  animals 
selected  should  have  been  feeding  on  fairly  good  food  pre- 
viously, so  that  the  transition  to  full  fattening  food  should  not 
be  too  sudden.  It  is  also,  of  course,  desirable,  that  the  ex- 
periment should  be  made  in  duplicate  if  possible. 

But,  independently  of  the  results  of  any  such  experiments, 
it  may  be  asked,  what  is  the  lesson  of  common  experience 
in  this  matter  ?  We  say,  unhesitatingly,  that  the  experience 
of  the  feeding  of  animals  fully  confirms  our  view. 

In  reference  to  this  point  we  would  call  attention  to  the 
coloured  diagrams  PI.  xxil.  which  show  the  proportions  of 
nitrogenous  substance  (black),  of  non-nitrogenous  substance 
(yellow),  and  of  total  organic  substance,  nitrogenous  and  non- 
nitrogenous  together  (blue),  respectively : — 

Ir— consumed  per  100  lbs.  live-weight  per  week, 

II — consumed  to  produce  100  lbs.  increase  in  live-weight, 

in  the  case  of  thirty  different  feeding  experiments  with  pigs, 
each-  of  which  comprised  not  less  than  three  and  some  four 
animals,  and  in  each  of  which  they  fixed  their  own  consump- 
tion*. That  is  to  say,  various  current  foods,  but  containing 
widely  different  percentages  of  nitrogenous  substance,  being 
selected,  one  (or  a  mixture)  of  high,  or  of  medium,  or  of  low 

1  t«pig  Feeding;"  Jawr,  Roy,  Ag»  Soc*  Eng»  VoL  xiv.  Part  2;  Experiments 
1 — 8,  and  12,  Series  1 ;  Experiments  1 — 12,  Series  2 ;  Experiments  1---5,  Series 
3 ;  also  "On  the  Eqniralency  of  Starch  and  Sugar  in  Food,"  Report  of  Brit,  Ass. 
for  1854;  Experiments  1—4.  See  also  ''Experimental  Enqniry  into  the  com- 
position  of  some  of  the  Animals  fed  and  slaughtered  as  human  food.*'  PhiL 
Trans,  1859,  Part  2. 
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percentage  of  nitrogen,  was  given,  ad  libitum;  or  a  fixed 
quantity  of  one  or  more  was  given,  and  another  given  ad 
libitum ;  and  so  on.  In  this  way  the  animals  fixed  their  own 
consumption,  and  from  the  results  it  may  be  judged  by  what 
requirement  this  was  guided. 

First,  as  to  the  consumption  by  a  given  live-weight  within 
a  given  time;  which  of  course  met  the  collective  requirements 
for  both  sustenance  and  increase.  Diagram  I  illustrates  this 
point.  The  lowest  amount  of  nitrogenous  substance  so  con- 
sumed in  any  one  of  the  thirty  experiments  is  taken  as  100; 
and  it  is  seen  that  the  amount  of  it  consumed  ranged,  among 
the  thirty  dietaries,  from  100  parts  to  more  than  300;  and 
it  averaged  more  than  200.  Reckoned  in  the  same  way,  the 
consumption  of  non-nitrogenous  substance  varied  from  100  to 
only  177  parts,  and  averaged  only  141  parts.  Again,  reckoned 
in  the  same  way,  the  consumption  of  total  organic  substance 
(nitrogenous  and  non-nitrogenous  together)  ranged  from  100 
to  only  150  parts,  with  an  average  of  125  parts. 

Secondly,  as  to  the  amounts  consumed  to  produce  100  lbs. 
increase  in  live-weight.  Diagram  II  shows  that,  for  this  result, 
the  consumption  of  nitrogenous  substance  ranged  from  100 
to  282  parts ;  and  it  averaged  173  parts.  That  of  the  non- 
nitrogenous  substance  ranged  from  100  to  only  about  140  parts, 
with  an  average  of  124  parts;  and  that  of  the  total  oi^ganic 
substance  (nitrogenous  and  non-nitrogenous  together)  from  100 
to  only  147  pcurts,  with  an  average  of  122  parts. 

It  should  be  explained  that,  as  in  the  Tables  and  Diagrams 
given  in  the  original  papers  above  referred  to,  the  total  amounts 
of  nitrogenous  and  of  non-nitrogenous  substance,  in  the  different 
foods,  are  taken  as  the  basis  of  the  calculations ;  no  deduction 
being  made  for  "indigestible"  matter;  nor  is  the  fat  in  the  food 
reckoned  at  any  higher  value  than  the  other  non-nitrogenous 
constituents.  This  plan  was  adopted  as  best  representing  the 
facts  actually  determined  by  analysis  ;  but  attention  was  at  the 
same  time  directed  to  the  varying  amounts  of  indigestible 
matter  in  the  different  foods,  and  to  the  greater  or  less  amounts 
of  fat  which  they  contained.  We  have,  however,  quite  recently 
recalculated  the  whole  of  the  experiments,  making  deduction 
for  indigestible  or  undigested  matter,  according  to  E.  Wolfi^s 
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Table  already  quoted,  and  with  him  multiplying  the  amounts 
of  fat  by  2'5,  and  have  constructed  Diagrams  according  to  the 
data  so  obtained.  These  still  more  strikingly  illustrate  the 
point  in  question  than  the  Diagrams  herewith  given  ;  that  is  to 
say,  they  show  a  wider  range  in  the  amounts  of  the  nitrogenous 
substance  consumed  in  the  different  experiments,  a  less  varia- 
tion (excepting  in  one  case  in  which  there  was  much  fat)  in  the 
amounts  of  the  non-nitrogenous  substance  consumed,  and 
especially  a  less  range  in  the  amounts  of  the  total  organic 
substance  consumed.  The  two  methods  of  calculation  show, 
however,  in  most  of  the  cases,  much  less  difiFerence  in  the  rela- 
tion of  the  nitrogenous  to  the  non- nitrogenous  constituents  than 
might  have  been  anticipated.  With  this  explanation,  we  still 
adhere  to  our  original  plan  of  calculation,  rather  than  adopt 
corrections  based  upon  factors  as  yet  not  sufficiently  established^. 
At  the  same  time,  we  repeat  that  the  points  here  indicated 
should  be  considered  in  judging  of  the  results  as  they  stand. 

It  is  then  perfectly  clear,  that  neither  the  amount  of  food 
consumed  in  relation  to  a  given  live-weight  within  a  given 
time  (which  of  course  covered  the  requirements  for  increase 
as  well  as  sustenance),  nor  the  amount  taken  to  yield  a  given 
amount  of  increase  in  live-weight  (which  in  its  turn  covered 
the  requirements  for  sustenance  also),  was  at  all  in  proportion 
to  the  amount  of  the  nitrogenous  constituents  it  supplied. 
It  is  quite  obvious,  that  the  consumption,  both  for  sustenance 
and  for  increase,  was  much  more  nearly  in  proportion  to  the 
amount  of  digestible  non-nitrogenous  constituents  supplied; 
but  it  was  more  nearly  still  guided  by  the  amount  of  the 
total  digestible  organic  substance — nitrogenous  and  non-nitro« 
genous  together — which  the  foods  contained. 

That  the  great  variation  in  the  amount  of  nitrogenous 
substance  consumed  was  not  due  to  a  deficiency  of  it  in  most 
of  the  foods  employed,  is  shown  by  the  fact  that  it  was  in  the 
experiment  in  which  the  food  contained  the  lowest  proportion 
of  it,  that  the  smallest  amount  of  nitrogenous  matter  was 
not  only  consumed  in  relation  to  a  given  live-weight  within 

1  Professor  Emil  Wolff  has  recently  determined  the  proportions  undigested 
of  the  different  constituents  of  eoooa-nut  cake,  barley-meal,  maize-meal,  and 
pea-meal,  in  actual  experiments  with  pigs.  Versu>ckB-Statio7i€n  Organ,  Band 
XIX.    No.  4,  1876. 


688     J.  B,  LAWES  AND  J.  H.  GILBERT.      FORMATION  OP  FAT,  &C 

a  given  time,  but  was  required  to  produce  a  given  amount  of 
increase.  It  is  obvious,  that  where  two  or  three  times  as  much 
nitrogenous  substance  was  consumed,  it  was  much  in  excess 
of  the  normal  requirement.  In  fact,  the  animals  consumed 
almost  regardless  of  the  amount  of  nitrogenous  substance  sup- 
plied, until  they  had  obtained  a  sufficiency  of  non-nitrogenous, 
or  of  total  organic  substance.  It  is  further  obvious,  that  the 
range  of  variation  in  the  amounts  of  non-nitrogenous  con- 
stituents consumed  would  have  been  very  much  less,  but  for 
the  very  variable  amount  of  nitrogenous  substance  necessarily 
taken  with  it,  the  variable  amounts  of  fat  in  the  foods,  and  the 
greater  amount  of  indigestible  matter  in  some  of  them  than  in 
others.  The  indication  is,  indeed,  that  the  excess  of  nitrogenous 
substance  consumed  substituted  a  certain  amount  of  non-nitro- 
genous constituents;  that,  in  fact,  within  certain  limits,  the 
two  classes  of  constituents  may,  for  the  purposes  of  respiration 
and  fat-formation,  mutually  replace  each  other. 

Lastly  on  this  point,  not  only  did  neither  the  amount  of 
food  consumed,  nor  the  amount  of  increase  in  live-weight 
yielded,  bear  any  relation  to  the  amount  of  nitrogenous  sub- 
stance supplied,  but  the  more  excessive  the  supply  of  it  the 
greater  was  the  tendency  to  grow,  and  the  less  the  tendency  to 
fatten.  There  is,  of  course,  a  point  below  which  the  proportion 
of  nitrogenous  substance  in  the  food  should  not  be  reduced; 
but  if  this  be  much  exceeded,  the  proportion  of  the  increase, 
and  especially  of  the  fat-increase,  to  the  nitrogenous  substance 
consumed,  rapidly  decreases;  and  it  may  be  stated  generally, 
that  taking  our  current  fattening  food-stuffs  as  they  are,  it  is 
their  supply  of  digestible  non-nitrogenous,  rather  than  of 
nitrogenous  constituents,  which  guides  the  amount,  both  of 
the  food  consumed,  and  of  the  increase  produced,  by  the 
fattening  animal 

In  conclusion,  we  repeat  that,  in  many  of  our  experiments 
with  pigs,  much  more  fat  was  produced  than  could  possibly 
have  been  derived  from  the  albumin  of  the  food,  and  hence  the 
carbo-hydrates  must  have  contributed  directly  to  its  formation ; 
further,  that  experience  in  practical  feeding  is  entirely  in  ac- 
cordance with  our  views  on  the  point. 
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THE  INFLUENCE  OF  SALICINE  ON  THE  HEALTHY 
BODY  WITH  SPECIAL  REFERENCE  TO  ITS  IN- 
FLUENCE  ON  THE  TEMPERATURE.  By  Sydney 
Ringer,  M.D.,  Professor  of  Therapeutics  at  University 
College ;  and  J.  S.  Bury,  Physicians*  Assistant  at  University 
College  Hospital. 

Ix  March,  1876,  Dr  Maclagan,  of  Dundee,  strongly  recommended 
Salicine  in  acute  rheumatism ;  and  in  the  following  April  Dr 
Senator,  of  Berlin,  recommended  salicine  as  a  substitute  for 
salicylic  acid.  As  salicine  is  now  largely  used  to  reduce  the 
temperature  of  febrile  diseases,  we  were  induced  to  undertake 
a  series  of  observations  to  ascertain  its  effect  on  the  tempera- 
ture in  health.  Whilst  making  these  experiments  we  noted 
carefully,  at  the  same  time,  the  effect  of  the  drug  on  the  various 
functions  of  the  body ;  and  in  this  paper  we  record  the  results. 
Before  giving  our  experiments  in  detail  we  here  point  out  the 
results  of  our  observations. 

Salicine,  as  has  been  pointed  out  by  other  observers,  acts 
very  much  like  quinia.  Like  it,  in  even  large  and  toxic  doses, 
as  large  as  can  be  given  with  safety,  salicine  depresses  the 
healthy  temperature,  but  in  a  slight  degree,  and  only  for  a 
brief  period.  Moreover  this  slight  effect  follows  only  the  few 
first  doses,  and  then,  in  spite  of  the  continued  administration 
of  the  drug,  the  temperature  quickly  recovers  its  original  state. 

The  slight  effect  produced  by  salicine  or  quinia  is  well 
exemplified  in  the  following  tables : 

Effect  of  Salicine  on  Temperature  and  Pulse. 
Boy  aged  10. 


Dose. 

Temperature 
depressed. 

Depression 
lasted. 

Pulse 
rose  to. 

Respiration. 

dO  grams 

0.2 

65  min. 

Unaffected. 

Unaffected. 

80    „ 

no  effect 

»f 

"»» 

60    „ 

0.8 

about  2  hrs. 

Quinia, 
Boy  aged  10. 

»» 

)* 

10    „ 

none 

10    „ 

0.2 

10    „ 

none 

Girl  aged  13. 

8      n 

0.2 

94 

10    „ 

none 

72 

10    „ 

none 

72 

20    „ 

0.1 

Sh.  16  min. 

120 

20    „ 

0.4 

45  min. 

98 
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These  doses  of  quinia  produced  marked  sjrmptoms  of  cin- 
chonism.  These  tables  show  that  like  quinia  doses  of  salicine 
large  enough  to  produce  toxic  symptons  exert  a  Teiy  slight 
control  over  the  healthy  temperature.  The  above  table  regard- 
ing quinia  is  abstracted  from  a  paper  published  by  one  of  the 
authors  and  Mr  Gill  in  the  Medical  Times  and  Gazette. 

In  this  investigation  when  a  sudden  fall,  which  in  a  short 
time  is  recovered  from,  occurred  in  the  temperature,  we  have 
considered  the  depression  due  to  some  accidental  cause  as  cool- 
ing the  mouth  by  exposure  or  cold  drinks,  &a,  and  have  not 
used  such  observation  in  our  calculations  in  this  paper. 

In  order  to  produce  any  symptoms  characteristic  of  the  drug, 
a  single  large  dose  of  one  dram  or  more  is  necessary,  or  thirty 
grains  repeated  hourly,  two  or  three  times.  Given  less  fre- 
quently, or  in  smaller  doses,  it  induces  no  symptoms  whatever. 
Toleration  of  the  drug  is  soon  established,  so  that  at  last  large 
doses  fail  to  produce  any  characteristic  effect;  though  when 
given  at  first,  without  any  graduation,  these  full  doses,  even  after 
their  discontinuance,  produce  very  decided  symptoms,  which 
may  persist  one  or  two  days,  and  may  even  become  intensified 
the  day  after  the  withdrawal  of  the  medicine.  The  repetition 
of  large  doses  may  produce  slight  fever,  shown  in  delaying  and 
greatly  lessening  the  evening  normal  diurnal  fall — an  effect 
probably  due  to  irritation  of  the  stomach. 

The  aspect  of  a  patient  under  full  medicinal  doses  is  rather 
characteristic,  being  in  many  respects  similar  to  that  of  a 
person  suffering  from  cinchonism.  The  expression  is  dull  and 
heavy,  the  face  quickly  flushes  on  slight  excitement,  and  the 
eyes  become  suffused.  The  flush,  of  rather  a  dusky  hue,  suffuses 
itself  uniformly  over  the  whole  face.  The  patient,  made  more 
or  less  deaf,  often  complains  of  noises  in  the  ears.  He  com- 
plains, too,  of  frontal  headache,  and  his  hands,  when  held  out, 
tremble  a  little.  His  breathing  is  rather  quickened  and  deep- 
ened. In  some  cases  one  symptom  may  predominate;  thus 
deafness  may  be  almost  complete,  without  headache  or  mus- 
cular trembling ;  but  it  rarely,  if  ever,  happens  that  any  symptom 
is  unaccompanied  with  the  dull  heavy  aspect  aud  the  readi- 
ness to  flush. 

Under  toxic,  but  not  dangerous  doses,  the  headache  is  often 
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very  severe,  so  that  the  patient  buries  his  head  in  the  pillow. 
There  may  be  very  marked  muscular  weakness  and  tremor, 
associated  with  great  muscular  irritability,  so  that  a  slight  tap, 
say  on  the  shoulder,  causes  muscular  contractions  so  strong  as 
to  jerk  the  arm  backwards.  There  are  often  slight  spasmodic 
twitchings  when  a  limb  is  raised.  Tingling  of  the  extremities 
or  other  parts  of  the  body  sometimes  occurs.  Tlie  voice  may 
become  thick  and  husky.  The  respiration  is  hurried,  some- 
times deepened,  sometimes  sighing  and  shallow  and  almost 
panting,  and  seems  as  though  it  were  performed  rather  labori- 
ously, but  the  patient  does  not  complain  of  any  difficulty  of 
breathing.  The  costal  as  well  as  the  diaphragmatic  movements 
are  involved  in  the  exaggerated  breathing.  Large  doses,  often 
repeated,  quicken  the  pulse  to  140  per  minute,  and  it  becomes 
very  weak.  In  these  healthy  lads  the  drug  did  not  cause 
delirium. 

It  is  very  noteworthy  that  salicine  renders  the  sweat  neutral 
or  alkaline.  We  think,  too,  that  the  urine  becomes  neutral  or 
less  acid;  but  on  this  point  our  observations  are  too  few  to 
justify  our  speaking  confidently.  The  alkaline  reaction  of  the 
sweat  we  noticed  in  many  rheumatic  patients  under  the 
influence  of  large  and  frequent  doses,  and  the  sweat  may  be 
alkaline,  whilst  the  urine  is  acid. 

We  find  that  if  moderate  doses  are  first  given,  the  medicine 
may  then  be  increased^  till  a  lad  ten  years  old,  beginning  with 
80  grains,  may  be  brought  to  take  180  grains  daily,  without 
any  symptoms. 

Though  the  effect  of  the  drug  on  the  temperature  was  so 
slight,  we  have  introduced  the  charts,  because,  the  observations 
being  made  with  very  great  care  and  at  less  intervals  than  in 
any  other  observations  we  know  of  (excepting  some  other 
experiments  made  by  one  of  the  authors  and  read  before  the 
Royal  Society),  they  are,  on  physiological  grounds,  valuable  as 
indications  of  the  course  the  temperature  runs  throughout  the 
day  and  the  effect  on  it  of  food,  &c.  Moreover  on  many  days 
no  salicine  was  given. 

We  tested  the  effects  of  salicine  in  three  sets  of  experi- 
ments, each  on  three  healthy  lads.  To  the  first  two  we  gave 
large  doses  and  produced  decided  symptoms;  to  the  third. we 
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gave  at  first  smaller  dosea  and  increased  them  gradually  till  he 
took  three  drams  daily,  producing,  as  we  shall  see,  scarcely 
any  symptoms. 

In  two  sets  of  experiments  the  temperature  was  taken  under 
the  tongue  ;  in  the  other  series,  in  the  rectum.  These  lads  took 
breakfast  between  six  and  seven ;  dinner  between  twelve  and 
half-past,  and  tea  between  four  and  five. 

We  took  the  temperature  hourly,  from  9  a.m.  till  12  pum. 
Observations  were  made  hourly  for  six  days  on  the  first  lad ; 
on  the  second  for  eight  days ;  on  the  third  for  thirty  days.  For 
a  few  days  we  gave  no  salicine,  that  we  might  compare  the 
temperature  of  the  body  on  salicine  days  with  non-salicine  days. 

Our  first  set  of  experiments  were  made  on  a  lad  aged  ten, 
weighing  44J  lbs.  His  temperature  was  taken  under  the 
tongue  and  during  the  investigation,  he  was  kept  in  bed  but 
was  allowed  to  sit  up  in  it.  He  was  admitted  with  bella- 
donna poisoning,  but  our  observations  were  not  commenced 
till  some  days  after  his  complete  recovery. 


CHART  I.    MEMORANDA. 
Boy  aged  10.   Weight,  3  Bt.  2^  Ibe.   Admitted  with  Belladonna  poisoning  Aug.  4. 

August  7. 
Reap.  I 


Hour.  I  Pulse. 


9 
10 
11 
12 

1 

215 

3 

4 

6 

6 

7 

8 

9 

10 
11 
12 


Remarks. 


80 
76 
U 
76 
76 
76 
76 
76 
72 
72 
72 
76 
72 
70 
70 
68 


20 
20 
20 
22 
24 
22 
24 
20 
24 
22 
24 
22 
22 
16 
16 
16 


6  a.m.  Breakfast — bread  and  milk.  Thennometer 
kept  under  tongue  for  five  minutes. 

9*30.    Mug  of  milk. 

12*30.  Dinner — mutton,  potatoes,  rice,  bread  and 
milk.  Good  dinner.  Patient  kept  in  bed.  bat  al- 
lowed to  sit  up  and  move  about. 

4-30.    Tea — milk,  bread  and  butter.    Good  meaL 


7*30.    Mug  of  milk. 


916 

88 

28 

10 

76 

24 

11 

72 

24 

12 

72 

24 

1 

78 

26 

215 

78 

26 

8 

78 

24 

August  8. 
7*30.    Breakfast — ^bread  and  milk. 

11.     Mug  of  milk. 

12*30.     Dinner — mutton,  potatoes,  greens,  rice  pud- 
ding, water.    Good  dinner. 
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4 

5 

6 

7 

8 

9 

10 

11 

12 


9 

10 

11 

12 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


8*45 
9-6 
9-20 
9-45 
10-6 
10-30 


10-50 
1110 
11-40 


76 

24 

80 

26 

76 

24 

76 

28 

76 

22 

88 

24 

80 

20 

72 

18 

76 

18 

12-5 

1-10 

2 

8 

4 

6 

6 

7 

8 

9 
10 
11 
12 


78  I  22 


84 
80 
72 
82 
82 
80 
82 
84 
88 
84 
80 
72 
70 
70 
72 


76 
76 

74 
76 


72 
76 
76 


76 
80 

76 
76 
78 
80 
82 
78 
72 
68 
64 
66 


24 
28 
28 
28 
28 
20 
24 
26 
22 
24 
24 
18 
16 
16 
19 


76    24 


24 
24 

20 
20 


24 
18 
20 


24 

26 

24 
24 
25 
22 
24 
24 
22 
20 
18 
16 


5-80.    Tei^-^milk,  bread  and  butter,  1  egg. 
7*30.     Cnstard  tart  and  milk. 


12-30.    Mngofmilk. 

Anguflt  9. 

7-30  a.m.      Breakfast — ^bread    and    milk.       9  a.m. 
Amonnt  of  urine  passed  since  9  a.m.  yesterday  J  22. 
10  a  m.    Mug  of  milk. 

12-30  p.m.    Dinner — mutton,  potatoes,  no  greens,  xioe 
pudding,  milk.    Good  dinner. 


4-30  p.m.  Teit— milk,  bread  and  butter,  one  egg.  Good 
meal. 

7*30  p.m.    Mug  of  milk. 


August  10. 

5-46  a^m;  Breakfast — ^bread  and  milk.  Good.  9  a.m. 
Amount  of  urine  passed  since  9  a.m.  yesterday  1 22. 

9-45  a.m.  Took  30  grairu  of  Salidne  in  |  j  of  water. 
10-5  a.m.    Thermometer  in  mouth  10  nun. 

10  a.m.  Mug  of  milk.  10.  Patient  complained  of  a 
bitter  taste  on  taking  the  drug ;  almost  directly  after 
swallowing  it,  he  felt  sick  and  had  hard  work  to 
keep  from  vomiting ;  the  seuBation  of  sickness  soon 
passed  oif i    He  complained  also  of  frontal  headache. 

10-50  a.m.     Took  30  grain$  of  Salicine  in  \}  of  water. 

10-50 — 11-40  a.m.  The  second  dose  was  followed  im- 
mediately by  nausea,  which  soon  passed  off;  then 
severe  frontal  headache  came  on,  so  bad  that  the 
boy  shut  his  eyes,  and  buried  his  face  in  his  arm 
(this  was  at  11*10);  his  face  was  also  much  flushed 
and  the  ooujunetivaB  slightly  injected.  Giddiness, 
too,  ezperiencedi 
At  11-40  these  symptoms  had  almost  left  him. 

12*30  p.  mi  Dinner — mutton,  potatoes,  rioe  pudding, 
milk.    Good  dinner. 

3  p.m.    Currant  bun. 

4*45  p.m.    Bread  and  butter  and  milk.    Good  meaL 

5-45  p.m.    Sponge  cake. 

7*30  p.  m.    Mug  of  milk  and  piece  of  custard. 
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8-45 

80 

24 

9-30 

76 

22 

9-46 

76 

24 

10 

76 

24 

1016 

72 

22 

10-30 

72 

10-46 

72 

24 

11 

76 

26 

11-16 

70 

22 

12 

76 

26 

1 

72 

24 

216 

76 

24 

8 

76 

22 

4 

5 

6 

7 

80 

24 

8 

76 

24 

9 

76 

24 

10 

68 

18 

11 

68 

18 

12 

68 

18 

Aognst  11. 

7 '30  a. m.  Breakfast— egg  and  milk  and  bread  and  mOk 

9  a.m.  Qaantity  of  urine  passed  sinoe  9  a.m..  Testa- 
day  320. 

9*40  a.m.    60  grains  of  Salicitie  in  ?  ij  water » 

9-62  a.m.    Flushed.    Complains  of  frontal  headacbe. 

9'66  a.m.  Headache  severe — frontal.  Flushes  readily. 
Doll,  heavy,  and  apparently  decided  mnscalar  weak- 
ness. Tingling,  like  pins  and  needles,  in  right 
ankle.    11*30.    Mug  of  milk. 

10*4  a.m.  Pain  only  over  left  brow.  Dull,  heavy  flashes. 

10*7  a.m.  Headache  getting  much  better  (pnpilB  rather 
more  dilated?) 

10*16  a.m.  Headache  only  over  left  brow.  Is  very 
doll.  Says  he  feels  rather  sleepy.  Decided  mns- 
calar weakness.  Answer?  questions  slowly.  Move- 
ment made  his  head  worse.  Lies  in  a  semi-stopid 
state.  Is  generally  very  lively.  Pulse  oertainly 
much  softer.  Twitehings  of  leg  which  he  cannot 
control,  and  slight  of  muscles  of  arm.  Lies  gene- 
rally with  eyes  closed. 

10*30  a.m.  In  much  the  same  state.  Still  twitehings. 
Very  dull.  Drowsy ;  lies  with  eyes  closed.  Ko 
headache.  Still  flushes  very  readily.  Pnlae  little 
fuller  and  stronger. 

10*40  a.m.  Drowsiness  and  dulness  not  decreased,  and 
still  twitches.    No  headache.    Still  flushes  readily. 

10*46  a.m.  Still  very  dull,  with  decided  museolar 
weakness.  Crying,  but  has  no  pain.  Pulse  reoovered. 

11  a.m.  Less  dull.  Ko  headache  or  other  pain.  Still 
flushes. 

11-15  a.m»    A  little  dulness  only  noticeable. 

12  noon.    The  boy  is  lively;  looks  himself  again. 
12-30  p.m.    Dinner— mntton,  potatoes,  bftthd,    milk. 

Poor  dinner. 
4-30  p.m.    Tea — bread,  batter,  milk,  jam  tart, 
7  p.m.    Milk  and  bread* 


( 


9 

10 

11 

12 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 


76 

24 

76 

24 

80 

22 

76 

24 

80 

20 

80 

24 

60 

24 

68 

22 

84 

24 

84 

26 

84 

26 

72 

18 

*  76 

18 

68 

18 

68 

17 

August  12. 

« 

7  a.m.    Breakfast — bread  and    milk   and   one    egg. 
9  a.m.  Quantity  of  urine  since  9  a.m.  yesterday  J  20. 

12  noon.     Dinner — ^mutton,  potatoes,  mug  of  milk. 
Poor  dinner. 


4*30  p.m.    Tea— bread,  butter,  milk,  one  egg.     Good 

meal. 
7  p.m.    Milk  and  two  ginger  cakes. 


12  p  m.  I  ^^^c^othes  thrown  off  body  and  legs. 
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For  the  first  three  days  he  took  no  medicine,  on  the  fourth  wa 
gave  salicine  in  two  doses,  each  of  thirty  grains,  and  on  the  following 
daj  a  single  sixty-grain  dose.  Observations  were  continned  through- 
out the  sixth  day,  although  he  took  none  of  the  drug. 

The  results  of  our  observations  are  put  into  the  following  table  : 


let  day 
2nd  day 
Srdday 
4th  day 

5th  day 

6th  day 


Maximum 

temperature 

of  day. 

Bise  after 
dinner. 

99.1 

0.4 

99.5 

0.6 

99.4 

0.4 

99 

0 

99.3 

0 

99 

0 

^ 

)eaf 
tea. 

fl  ST 

d 

v.a 

PQ 

> 

H 

ff 

0 

8 

0.5 

7 

0.4 

6 

0 

9 

O.Ti 

6 

0.2 


9 


Diurnal 
variation. 

Average 

temperature 

of  day. 

1.6 

98.4 

1.4 

98.7 

1.7 

98.7 

1.7 

98.3 

1.7 

98.5 

1.9 

98.3 

No  salioine 

No  salicinfl 

No  salicine 

60  grainfl  in 
two  doses 

60  grains  in 
one  dose 

No  salioine 


In  respect  to  this  table  we  must  first  remark  that  the  rise  after 
dinner  and  tea  lasted  a  very  short  time,  and  we  think  that  part 
of  this  rise  was  due  to  the  warm  tea ;  for  after  warm  drinks  we  have 
found  that  the  motith  tempei'ature  is  often  considerably  raised,  some- 
times even  to  the  extent  of  a  degree,  remainiug  so  a  quarter  of  an 
hour  or  even  longer. 

A  refereuce  to  the  above  table  might  lead  to  the  conclusion  that 
the  effect  of  salicine  was  inappreciable  or  nil,  but  a  glance  at  the  ao- 
companying  chart  (Chart  I.)  will  show  that  the  drug  produced  a  manifest 
effect.  On  the  fourth  day,  after  taking  three  observations  at  intervals 
of  a  quarter  of  an  hour,  it  vtdll  be  seen  that  we  administered  by  the 
mouth  thirty  grains  of  salicine  dissolved  in  water  at  9*45,  and 
another  thirty-grain  dose  at  10*50.  The  medicine  produced  ai  decided 
though  slight  effect  on  the  temperature.  Thus  throughout  the  day,  the 
temperature  remained  more  stationary  than  on  non-salicine  days. 
After  the  first  doee  there  oceurred  a  fall  of  0*2^  Fah. ;  during  the  next 
hour  it  rosie  0*4  in  spite  of  the  second  dose,  and  the  maximum  tem- 
perature of  the  day  was  attained  at  11*40.  Then  instead  of  rising 
after  dinner  and  tea,  as  on  the  previous  non-salicine  days,  it  slowly  and 
continuously  declined,  so  that  at  8  p.m.  it  had  fallen  0*4"  Fah.,  then 
the  diurnal  variation  commenced  and  amounted  to  1  '7^  Fah.  Thus 
the  effect  of  the  salicine  on  this  day  was  to  lower  the  temperature 
0*2**  Fah.,  and  to  prevent  the  rise  after  dinner  and  tea,  effects  very 
slight  and  unimportant.  Next  (5th)  day,  after  three  observations, 
we  administered  in  one  dose  sixty  grains  of  salicine  dissolved  in  two 
ounces  of  water  at  9*40  a.m.    The  temperature  from  this  time  gradu- 
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ally  fell,  reacliing  its  maximum  fall  of  0-8^  at  1 1,  it  then  rose  azMi  hai 
recovered  itself  at  12,  and  between  12  and  5  it  rose  0*3^  ;  the  ervieniDf 
fall  then  began  and  amounted  to  1*7*  Fah.  There  was  no  rise  afbe- 
dinner,  and  only  0*2^  after  tea.  Thus  on  this  day  the  effect  vas 
a  fedl  of  0*8®,  lasting  about  two  hours,  and  no  rise  after  food.  The 
amount  of  diurnal  variation  was  unaffected  on  both  the  salicine  daya 

Next  day  he  took  no  salicine,  and  his  temperature  remained 
remarkably  uniform  throughout  the  day,  till  the  diurnal  variatkm 
set  in.  The  evening  fall  began  between  eight  and  nine^  and  the 
diurnal  variation  amounted  to  1*9^  Fah. 

The  drug  produced  no  effect  on  the  pulse  or  respiration. 

Although  on  each  of  the  two  days  we  gave  the  same  doae»  the 
drug  produced  far  more  decided  effects  after  the  second  than  after  the 
first  dose.  On  the  first  day  we  gave  two  thirty-grain  doees  at  sixty- 
five  minutes  interval ;  on  the  next  day  sixty  grains  were  given  at 
once.  This  difference  would  indicate  that  the  drug  is  quickly  elimi- 
nated. 

The  symptoms  produced  were  slight  nausea,  probably  due  to  the 
bitter  taste  of  the  drug ;  then,  in  a  few  minutes  after  the  second  dose, 
severe  frontal  headache  set  in,  so  severe  that  the  lad  shut  his  eyei 
and  buried  his  head  in  his  arm.  Flushing  of  the  &ce  especially  on 
any  excitement.  Slight  injection  of  the  conjunctiva,  and  giddinesa 
In  an  hour  these  symptoms  had  almost  left  him,  a  fact  confirming 
the  conclusion  that  the  drug  is  speedily  eliminated. 

Sixty  grains  produced  the  same  symptoms  in  a  more  marked 
degree.  Severe  headache  and  flushing  came  on  in  twelve  minutea. 
Though  a  very  lively  boy,  he  became  very  dull  and  stupid,  lying  with 
his  eyes  closed,  and  answering  questions  slowly.  He  complained  of 
tingling  like  pins  and  needles  in  his  right  ankle,  and  suffered  from 
very  decided  muscular  weakness,  soon  accompanied  by  muscular 
twitchings  and  tremblings  of  the  legs  and  arm  a  At  this  time  the 
pulse  was  much  softer. 

In  the  foUowiDg  table  we  give  the  time  these  symptoms  set  in 
and  their  duration,  calculating  from  the  time  of  taking  the  medicine. 


Set  in. 

Ceased. 

Headache 

12min. 

50  min. 

Flushing 

12min. 

Ih.  20  min. 

Muscular  weakness 

15min. 

Ih.  20  min. 

Muscular  twitchings 

35  min. 

1  h.  20  min. 

Dullness  and  heaviness 

15min. 

1  h.  45  min. 

The  quantity  of  urine  was  almost  unaffected,  as  the  following  table 
shows : 

Daily  amount. 
Without  medicine  22  oz. 

,,  „  22  oz. 

Salicine  day  20  oz. 

II  II  20  oz. 

The  next  series  of  observations  were  made  on  a  lad  aged 
nine,   convalescent  from   pneumonia,   his  temperature  having 
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become  normal  ten  days  previously.    We  experimented  some- 
what differently. 

The  boy  was  kept  in  bed  His  temperature  was  taken  hourly 
in  the  rectum.  For  two  days  he  took  no  medicine;  on  the  two 
following  days  he  took  salicine  in  thirty-grain  doses  at  10  a.m.y 
11  a.m.,  2  p.m.,  3  p.m.,  5  p.m.,  and  6  p.m.;  thus  in  the  course  of  the 
day  he  took  3  iiu  !Next  day  we  administered  thirty-grain  doses  eight 
times  (Sj.),  at  10  a.m.,  11  a.m.,  12  p.m.^  1  p.m.y  2  p.m.,  3  p.m., 
4  p.m.,  and  5  p.m. 

The  results  with  this  lad  are  rather  singular.  On  the  first  day 
these  large  doses  produced  no  symptoms,  in  &ct  symptoms  did  not 
net  in  till  noon  of  the  second  day,  but  they  increased  during  the 
night,  after  the  discontinuance  of  the  medicine,  and  were  severe  all 
next  day,  and  for  three  days  after. 

As  in  the  previous  observations,  we  shall  speak  first  of  the  effect 
of  the  salicine  on  the  temperature,  pulse,  and  respiratiou. 

CHABT  II.    MEMORANDA. 
P.  B.    Aged  9.    Conyaleseent  from  Pneumonia.    Temp,  nonnal  on  9th. 

September  19. 

Bemarks. 


Hour. 

Palse. 

Beep. 

9  a.m. 

70 

22 

10 

80 

24 

11 

80 

24 

13 

80 

28 

1p.m. 

84 

24 

2 

80 

26 

8 

70 

28 

4 

72 

28 

5 

80 

28 

6 

80 

24 

7 

74 

24 

8 

70 

22 

9 

66 

22 

10 

66 

22 

11 

70 

18 

12 

70 

18 

9  a.m. 

10 

11 

12 

1p.m. 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
13 


72 

24 

68 

24 

68 

24 

72 

20 

68 

24 

70 

24 

70 

24 

68 

24 

68 

24 

60 

20 

62 

20 

68 

24 

5*80  a.m.    Breakfast — bread  and  butter,  one  egg,  mug 

of  milk.    Moderate  breakfast. 
10  a.m.    Lunoh— mug  of  milk  and  bread. 

12  noon.    Dinner — ^mntton,  potatoes,  greens,  pudding 
(rloe),  mug  of  milk.    Moderate  dinner. 


5  p.m.    Tea — ^bread  and  batter,  one  egg,  mug  of  milk, 
small  bunch  of  (about  12)  grapes.    Good  meal. 

I  Profuse  perspiration  of  face  and  upper  limbs  and 

t    chest ;  lower  limbs  dry. 

Face  still  moist ;  arms  on]j  slightly  moist. 


September  20. 

5 '30  a.m.    Breakfast — ^bread,  one  egg,  mug  of  milk. 
Moderate  breakfast. 


12  noon.     Dinner — ^mutton,   potatoes,  greens,  milk, 
pudding  (rice).    Good  dinner. 


4*30  p.  m.    Tea — ^bread  and  batter,  one  egg,  mug  of 
milk,  and  a  few  grapes. 

Mag  of  milk  at  7  p.m. 
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9  a.m. 

72 

26 

9*45 

1015 

68 

10-30 

76 

24 

1115 

11-30 

120 

76 

28 

1p.m. 

76 

28 

1-46 

2-25 

78 

24 

315 

8-45 

415 

5-15 

5*45 

6-30 

7-30 

8-80 

9-30 

110 

120 

September  21. 

5*80  a.m.  Breakfast — ^bread  and  batter,  one  egg;  mag  cf 
milk.  Good  breakfast.  Urine  J  xrin.  in  last  24  £as. 

10  a.m.  *  Salicine  gr.  itt.  in  water  J  i.  10'15.  Ko 
headache,  no  heaviness,  or  any  pain  or  iineairin<*n 
10*30.    No  symptoms. 

11  a.m.  SdUicirus  again  given  in  $ame  dote.  "Boy  ra 
repeatedly  asked  between  11  and  12  if  he  felt  weU,  and 
complained  of  nothing.  No  alteration  in  pupils  or 
general  aspect  of  face. 

2  p.m.  Salicine  gr»  xzz.  again  given.  Bowels  <ypen 
once.    No  symptoms. 

3  p.m.    Salicine  gr,  jjx,  repeated. 


4*15  p.m.    Tea — ^bread  and  batter,  one  egg,  mag  of 
milk,  a  few  grapes.    Very  good  meal. 

5  p.m.    Salicine  gr,  zzx. 

Nosynqytoms. 

6  p.m.    Salicine  gr,  xxi.  repeated. 

No  symptoms. 


Oa.m< 
9*45 
10*16 
10*45 
1115 

11*45 
12*30 

1*16 
1*30 
215 


80 

8*30 
4*30 
5*45 


7  p.m. 

8 

9 
10 
11 
12 


88 
88 


104 

108 


112 
116 


112 


108 


24 
28 


32 


82 
80 


28 
24 


September  22. 

5*30  a.m.  Breakfast—bread  and  batter,  one  egg,  mag 
of  milk.    Moderate  breakfast* 

10  a.m.    Took  30  grs,  of  Salicine  in  1  ounce  of  irater. 
No  symptoms.    Urine  J  xni.  in  last  24  boars. 
Urine  sUghtly  aidd ;  contains  abundance  of  SaHeine. 

11  a.m.  Took  80  gra,  of  Salicine.  No  gymptomsL 
12  noon.    Another  dose  of  Salicine. 

12?15.  Dinner- 'flmall  piece  of  mutton,  little  potato, 
puddingy  mug  of  milk.  Very  poor  dinner.  BonreLi 
open  4  tunes. 

1  p.m.    *  Another  dose  of  Saljcine. 

1*40  p.m.  Tremor  of  hands  when  held  out.  Face 
flushed,  perspiring ;  looks  dull  but  complains  of  no 
headache  or  pain.  Poise  large,  soft,  compreesibleu 
2  p.m.    Anofher  do$e  of  Salicine, 

3  p.m.  Another  do$e  of  Salicine,  8*15.  Mueh  tremor 
of  hands ;  face  flushed. 

4  p.m.    Another  d^  of  Salicine. )   f,c«  flawed. 
0  p.m.  Kepeated.  ) 

5- 15  p.m.  Tea— one  egg,  bread  and  butter.  Veiy  good 
tea.  Marked  tremor  of  the  hands  whilst  eating. 
Grasp  of  hands  strong  and  e<|ual. 

9  p.m.    Urine  slightly  acid.    Sp.  gr.  1028. 


-Si 


INFLUENCE  OF  SALICINE. 


599 


9  a.m. 

10 

11 

13 

Ip.xn. 

2 

8 

4 

6 

6 

7 

8 

9 
10 
11 
12 


112 

82 

124 

82 

128 

36 

140 

40 

128 

32 

124 

33 

120 

30 

116 

32 

116 

32 

116 

32 

116 

32 

108 

26 

104 

24 

96 

22 

September  23. 

5  a.m.  Boy  vomited  twice,  brijQging  np  remains  of 
food.    No  breakfast. 

9  a.m.  Looks  heavy  and  dull ;  is  decidedly  deafer ; 
can  only  hear  a  watch  tick  when  laid  on  the  ear. 
He  feels  a  tingling  in  the  right  ear  near  the  sarface; 
has  no  buzzing  noises  in  head,  no  headache,  nor 
pain  anywhere.  Does  not  seem  to  understand  qnes- 
tions  so  well  as  formerly,  and  there  is  a  little  tre- 
mor of  lips  in  speaking  and  the  voice  is  thick.  Breath- 
ing laboured  and  trunk  shakes  a  little  during  the 
act.  Hands  tremble  when  held  out,  and  small  spas- 
modic movements  of  the  whole  upper  limb  occur  at 
intervals.  Also  slight  jerks  and  tremor  of  lower  limb 
when  raised  from  bed. 

9*30  a.m.  Feels  sick  but  does  not  vomit.  Grasp  of 
hands  is  weaker  than  it  was  yesterday.  Speech  a  little 
jerky;  voice  husky;  words  not  well  laid  hold  of, 
lips  and  tongue  not  being  used  with  natural  free- 
dom. Eyes  heavy  and  half  shut.  Mouth  wide 
open.    Bather  thirsty.  Pulse  soft  and  compressible. 

1*30  p.m.  Urine  neutral ;  abundance  of  Salioine.  Great 
muscular  irritability,  on  tapping  the  muscles  they 
contract.    Breathing  a  little  laboured. 

4*0  p.m.  Pulse  of  better  quality.  Symptoms  passing  off; 
expression  brighter ;  much  less  deafness ;  irritability 
of  muscles  as  before  No  pain  anywhere.  Manner 
still  dull.  Breathing  less  laboured:  more  thoracic 
than  diaphragmatic.    Much  Salicine  in  urine. 

8*0  p.m.  Urine  slightly  acid,  contains  plenty  of  Sali- 
oine. Less  irritability  of  muscles.  Manner  still  dull, 
and  boy  heavy  and  sleepy. 

Dinner  at  12  noon  of  small  chop,  greens,  and  potatoes. 
A  moderate  dinner. 

Tea  at  4*16  p.m. — bread  and  butter,  one  egg,  mug  of 
milk  with  a  little  tea  in.    Very  good  meal. 


9  a.m. 
10 
11 
12 

1p.m. 
2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 


100 
104 


108 

108 
94 
90 
90 
90 
90 
82 
82 
84 


26 
28 


24 

28 


18 


September  24. 

5*30  a.m.  Breakfast — ^bread  and  butter,  one  egg,  mug 
of  milk.    Good  breakfast. 

10  a.m.  Deafness  less.  Still  looks  dull,  and  unless 
spoken  to,  lies  with  eyes  half  closed,  and  very  often 
is  asleep. 

Muscular  irritability  still  present  though  less  than 
yesterday,  and  the  muscles  contract  when  tapped. 
Urine  as  before. 

3  p.m.  Pulse  still  compressible.  Breathing  less 
laboured,  but  thoracic.  Tremor  of  hands  and  arms 
when  held  out.  Slight  muscular  irritability.  Boy 
looks  brighter,  and  can  now  hear  a  watch  tick  when 
held  at  a  distance  of  four  inches  from  the  ear. 


12  noon.  Dinner — mutton,  potatoes,  pudding.  Mode- 
rate dinner. 

5*15  p.m.  Tea— bread  and  butter,  one  egg,  and  mug 
of  milk.    Good  meal. 
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9  a.m. 

10 

11 

12 

1p.m. 

2 

8 

5 

6 

7 

8 

9 
10 
11 
12 


74 
72 

22 
24 

88 

26 

100 

96 

100 

24 

92 

22 

88 

18 

9s.m. 

88 

10 

76 

11 

12 

88 

1p.m. 

2 

8 

4 

84 

5 

6 

84 

7 

8 

9 

10 

84 

11 

12 

22 
22 

20 


24 
22 


September  25. 

5*80  a.m.     Breakfast — ^bread  and  butter,  one 
of  milk.    A  good  breakfast. 

One  stool  at  8  a.m.  and  a  small  one  at  8  aon. 

8*15  ajn.  Boy  looks  mnch  brighter,  bnt  his  £aee  U 
very  pale.  There  is  still  a  very  little  tremor  off 
hands  when  held  ont,  and  jnst  a  trace  of  initafaility 
in  the  back  mnseles.  Less  deafness ;  eyes  less  hesry- 
looking.  Urine  reaction  as  before,  jnst  ^^g^g  bind 
litmns  red ;  abont  |  inch  in  height  in  moderate- 
sized  test-tube  is  colom:ed  deep  pnrple  with  I  ttiop 
of  Liq.  Feiri  Ferchlor.;  the  colonr  diseolTes  on 
shaking,  but  1  drop  more  ol  L.  F.  P.  prodnces  a 
permanent  colonr. 

4  p.m.     Urine  as  before.   Very  slight  tremor  of  haodiL 
Can  now  hear  watch  tick  when  held  1  or  2  feel 
head. 

1  p.m.    Another  stool,  making  3  to-day. 

12  noon.    Dinner — ^very  small  piece  of  mntton  and 
padding.    A  feiy  poor  dinner. 

4  p.m.  Tea — bread  axid  batter,  one  egg.  and  mug  of 
milk.    A  good  meaL 

September  26. 

5 '30  a.m.    Breakfast — ^bread  and  batter,  one  egg,  mng 

of  milk. 
9  a.m.    Free  from  dnlness  and  deafness,  can  hear  a 

watch  tick  at  a  distance  of  8  feet  from  head,  an  im- 

prpyement  even  on  yesterday.    No  tremor  otr  mna- 

cular  irritability. 
Urine  slightly  acid*  contains  Balicine,  bat  reaction  noi 

^aite  so  mark^  fus  befpre. 

4  p.m.  Urine,  passed  10  minutes  since,  is  neatral; 
contains  dense  white  pp.  of  phosphates;  shgfat 
pnrple  colour  produced  with  2  drops  of  L.  F.  P., 
showing  a  triace  of  Salioine  still  present. 


16    i  12  noon.    Dinner — ^mutton,  potatoes,  greens.    A  poor 
4inner. 
4  p.m.    Tea — ^bread  and  butter,  one  egg,  and  mng  d 
milk,    A  good  meal 

The  chart  (Chart  II.)  which  we  have  given  will  show  that  on  the  first 
daj  the  temperature  ro^e  between  9  a.m.  and  1  p.m.  y^"  Fah.  and  then 
slowly  fell ;  the  diurnal  variation  apparently  beginning  about  6  p.m.  and 
amounting  to  2*9^  Fah,  .  Next  day,  also  without  salicine,  the  oooTBe 
of  the  temperature  was  very  singular.  It  remained  prettj  stationaij 
from  9  a.m.  till  1  p.m.  and  then  fell  l'^,  remaining  about  this  point 
till  9  a.m.  and  again  feU  1  *6^ ;  the  diurnal  variation  amounting  to 
2*3^  Next  day,  the  first  on  which  salicine  was  given,  the  tempera- 
ture fell  after  the  first  dose  of  30  grains  *4^  in  1^  hour,  and  remained 
depressed  for  about  3  hours,  and  then  rose  to  its  original  height  in 
spite  of  the  continuance  of  the  medicine.  The  evening  fall  b^an  at 
7*30  p.m.  and  the  diurnal  variation  amounted  to  1*9^  Fah.  The  onlj 
effect,  therefore,  of  the  salicine  was  a  very  slight  and  temporary 
depression  of  the  temperature,  not  maintained  by  the  continaanoe  of 
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the  medicine,  and  the  diurnal  fall  was  nofc  quite  so  great  as  on  the 
two  previous  dajs,  though  within  the  limits  of  variation  of  health. 

Next  day  when  3  drachma  of  salicine  in  divided  doses  was  given 
the  temperature  was  not  even  temporarily  depressed ;  in  fact  it  rose 
*&*  between  9  a.m.  and  Tp-m.,  and  then  slowly  fell  '3*  till  3.30  p.m. 
The  evening  fall  began  between  7  p.m.  and  8  p.m.,  and  the  diurnal 
variation  amounted  to  1*5^ 

Next  day,  with  very  marked  symptoms,  though  without  salicine, 
the  temperature  ran  the  same  course,  rising  gradually  from  9a.ni. 
till  1  p.m.,  and  after  4  p.m.,  slowly  falling  till  12  p.m. ;  the  daily 
variation  amounting  to  only  0-9®.  On  these  two  days  the  only 
apparent  effect  therefore  of  salicine  was  to  lessen  the  diurnal  range, 
with  a  very  slight  increase  in  the  maximum  temperature  of  the  day  ; 
and,  strange  to  say,  these  effects  were  marked  most  on  the  day  follow- 
ing the  lai'ge  doses  of  salicine,  not  on  the  day  the  large  doses  of 
Balicine  were  taken,  but  on  the  following  day. 

Next  day,  taking  the  temperature  as  usual,  it  remained  pretty 
stationary,  varying  only  '2*  from  9  a,m.  till  6  p.m.  and  then  fell,  the 
diurnal  variation  amounting  to  1  '8^. 

On  the  two  days  following  the  temperature  returned  to  the  course 
it  obiserved  on  the  first  non-medicine  day,  slightly  rising  from  9  a.m. 
till  1  p.m.,  the  rise  amouuting  to  0'5^  Fah.,  and  then  the  diurnal  fall 
began  respectively  at  7  p.m.  and  6  p.m.  and  amounted  to  2*2^  and  1*7^ 

We  now  suiQmarize  our  observations  in  the  following  table : 


Date. 

Medicine 
giveo, 

Amount 

Mazimmn 

temperature 

of  the  day. 

Amount  of 

diomal 
variation. 

Sep.  19 
„    20 
„    21 
»    32 
„    23 
»    24 
„    26 
„    26 

None 
None 
Salicine 
Salioine 
None 
Noi^e 
None 
None 

3  m 

99.1 
96.9 
98.9 
99.3 
99.5 
99.4 
99.5 
99.5 

2.9 
2.3 
1.9 

• 

1.6 
0,9 
1.8 
2.2 
1,7 

We  may  remark  that  in  these  observations,  taken  in  the 
rectum,  very  little  and  generally  no  rise  of  temperature  occurred 
after  food — a  circumstance  strongly  favouring  a  previous  sugges- 
tion, that  the  rise  after  food,  in  cases  where  the  temperature  is 
taken  under  the  tongue,  is  due  to  the  hot  food  heating  the 
mouth  by  direct  contact. 
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This  table,  coupled  with  preceding  observations,  shows  that 
even  very  large  dosea,  as  large  as  can  be  safely  given,  depress 
the  temperature  very  little,  and  only  ailer  the  first  few  doses, 
and  subsequently  instead  of  lowering*  the  temperature,  the 
drug  produces  slight  fever;  thus  it  slightly  raised  the  tem- 
perature, though  not  above  the  limits  of  health,  but  delayed 
the  onset  of  the  evening  fall,  and  lessened  the  amount  of 
diurnal  variation,  thus  giving  evidence  of  the  febrile  moTe- 
ment.  This  slight  fever  may,  we  think,  be  due  to  catarrfa  of 
the  stomach,  caused  by  the  medicine,  which,  in  so  many  in- 
stances excites  vomiting. 

In  this  case  the  pulse  and  respirations  were  greatly  affected,  botii 
being  considerably  quickened.  As  was  the  case  with  the  temperatar^ 
so  with  the  pulse  and  respiration,  the  effects  of  the  medicine  were 
most  marked  the  day  after  the  discontinuance  of  the  drug.  Thus 
the  full  effects  as  regards  the  pulse  and  respirations  and  other  symp- 
toms culminated  about  1  p,m.  on  the  day  following  the  withdrawal 
of  the  drug,  the  pulse  at  that  time  being  140  and  ^e  breathing  40. 
On  the  following  day,  that  is,  two  days  after  the  administration  had 
ceased,  the  pulse  and  respirations  bad  greatly  fallen,  but  were  still 
quick  and  next  day  they  became  normal.  The  pulse  when  frequent 
was  very  compressible,  but  improved  in  quality  as  it  diminished  in 
frequency. 

The  drug's  influence  on  the  pulse  and  respiration  is  shown  in  the 
following  table : — 


Date. 

Medioine. 

Amount  of 
Medioine. 

Maximmn 
and  mini- 
mum pulse 
of  the  day. 

Maximum 
and  mini- 
mum respi- 
ration of  the 
day. 

Sep.  19 

None 

66  to  84 

18  to  28 

»   20 

None 

68  to  72 

20  to  24 

.,   21 

Salieine 

S  iii 

68  to  78 

24  to  28 

u   32 

Salicine 

li 

88  to  116 

24  to  30 

„   33 

None 

112  to  140 

22  to  40 

..    34 

None 

82  to  106 

18  to  28 

..    25 

None 

72  to  100 

18  to  26 

„   26 

None 

76  to  88 

16  to  24 

i 
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We  now  give  a  resume  of  his  syinptoms.  Nothing  was  noticed 
till  noon  of  the  second  salicine  day  until  the  boy  had  taken  in  all  3v. 
of  the  medicine.  Between  one  and  two  we  noticed  that  his  face  was 
flashed  and  he  looked  dull,  and  that  there  was  some  tremor  when  his 
hand  was  held  out.  In  the  eveniug  the  tremors  were  more  marked. 
At  5  a.m.  the  following  day  he  twice  vomited.  On  this  day  though 
he  had  discontinued  the  medicine  since  five  o'clock  the  previous 
evening,  his  symptoms  were  very  marked  and  for  the  most  part  of 
the  same  characters  as  in  the  other  lad,-:— namely  dulness,  so  that  he 
did  not  seem  very  well  to  understand  questions ;  deafness ;  tingling 
in  the  right  ear ;  slight  tremor  of  the  lips  on  speaking  and  thick 
husky  voice;  breathing  rather  laboured;  trembling  of  hands  when 
held  put ;  slight  spasmodic  n^ovements  of  the  upper  limbs ;  slight 
jerks  of  the  lower  limbs  when  they  are  ^ised  firom  the  bed ;  grasping 
power  weaker  than  before;  much  irritability  of  the  muscles  on  per- 
cussion ;  but  strange  to  say  he  never  complained  of  headache  nor 
buzzing.  These  symptoms  were  at  their  height  at  midday,  and  were 
so  marked  and  the  pulse  and  respirations  so  quick,  that  we  must 
confess  we  felt  a  little  relief  when  the  to^c  symptoms,  which  became 
far  more  marked  than  we  had  ei^pected,  abated,  not  that  at  any  time 
the  boy  was  dangerously  ill,  but  as  the  symptoms  progressed,  after 
discontinuing  the  medicine,  we  did  not  know  how  long  and  to  what 
degree  they  might  increase. 

Kext  day,  that  is,  forty-one  l^ours  after  the  last  dose  of  medicine, 
he  was  still  deaf,  though  less  so,  and  was  dull  and  unless  spoken  to 
lay  with  his  eyes  half  closed,  and  very  often  fell  asleep.  Muscular 
irritability  had  diminished  and  the  hands  and  arms  trembled  when 
held  out :  the  pulse  was  still  oompressibla  Even  sixty-five  hours 
after  the  last  dose  he  was  still  dull,  rather  deaf,  and  there  was  slight 
tremor  of  the  hands  and  irritability  of  percussed  muscles. 

Next  day  he  had  quite  recovered.  We  tested  the  urine  fre- 
quently for  salicine  and  foui^d  some  even  95  hours  after  the  last 
dose. 

In  our  third  series  of  observations  on  a  lad  aged  ten,  and 
"Weighing  64  lbs.,  we  experimented  in  a  somewhat  diflTerent  way. 
We  took  the  temperature  under  the  tongue  every  three  hours. 
For  three  days  we  administered  no  medicine ;  on  the  following 
twenty-six  days  we  gave  salicine  in  increasing  doses,  at  first  in 
20  grain  (80  grains  daily),  and  latterly  in  30  gr.  doses  several 
times  daily,  till  he  was  taking  in  divided  doses  180  grains  daily. 
The  boy  got  up  and  spent  the  day  about  the  ward. 

We  pat  our  observations  into  the  following  table  : 
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1 

peratnre 
1  day. 

rage  tem- 
inre  of  day 
9  p.m. 

verage 
11112. 

nal  varia- 
to  9  p.m. 

•  mm      ^^ 

Js 

If 

1^ 

ii' 

|1i 

-<-»• 

.§§ 

.2  a 

-♦» 

^s. 

fi'-i2 

P-2 

« 

Ist  day 

None 

99.2 

98.66 

1.1 

84 

2 

ff 

99 
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The  preceding  table  (and  charts  which  we  think  it  uimeces- 
eary  to  publish)  shows  that  these  large  doses  of  salicine  had  no 
appreciable  effect  on  the  temperature.  It  is  true  that  on  one 
day  the  temperature  rose  to  XOO' ;  but  that  occurred  during  the 
use  of  the  hot  air  bath,  employed  to  produce  sweating,  that  we 
might  test  the  reaction  of  the  sweat;  on  the  other  hand  the 
pulse  was  a  little  quickened.  On  the  fifth  day  of  taking  sali- 
cine he  complained  of  slight  deafness,  and  on  the  tenth  day  it 
is  noted  that  the  deafness  had  a  little  increased,  but  two  days 
afterwards  it  had  disappeared.  Beyond  the  influence  on  the 
pulse  and  hearing,  the  medicine  produced  no  apparent  effects, 
the  boy  eating  well,  sleeping  well,  and  indeed  appearing  in  ail 
respects  quite  well. 
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The  cranial  osteology  of  living  Ganoids  has  been  hitherto  but 
partially  investigated;  and  even  those  genera  th^  have  been 
described  by  the  older  anatomical  writers  will  abundantly  repay 
renewed  investigation  now  that  the  researches  of  Parker,  Ge- 
genbaur,  and  Huxley,  have  thrown  so  much  light  upon  the 
morphology  of  the  Vertebrate  skull. 

Agas8iz\  it  is  true,  has  given  to  us  an  elaborate  account  of 
Lepidosteus,  and  the  earlier  description  of  Polypterus  by  H.  Miil- 
ler*  has  been  supplemented  by  Dr  Traquair's'  opportune  paper; 
•while  to  Dr  Glinther*,  and  Prof.  Huxley",  we  are  indebted  for 
exhaustive  accounts  of  the  skeleton  of  Ceratodus. 

On  the  other  hand,  I  am  not  aware  that,  beyond  the  more 
or  less  brief  accounts  to  be  found  in  Joh.  MuUer's  Vergleichende 
Anatomie  der  Myodnoiden^,  we  have  any  detailed  descriptions  of 
Spatularia,  Acipenser  or  Amia;  and  the  anatomical  student  who 
may  wish  to  acquire  any  complete  knowledge  of  these  genera 
must  content  himself  with  the  above-mentioned  references,  or 
vrith  such  facts  as  he  may  be  able  to  glean  from  such  anatomi- 
cal text-books  as  Huxley's  Manual  of  Vertebrata,  Owen's  Com^ 
parative  Anatomy,  or  the  Grundzilge  der  Vergleichenden .  Ana* 
tomie  of  Gegenbaur. 

More  especially  is  this  true  of  Amia.  The  zoological  cha* 
racters  of  this  genus  have  been  described  by  several  zoologists. 
Yogt'  first  detected  its  true  position  among  the  Ganoids,  and 
removed  it  from  the  Clupeoid  Teleostei  with  which  it  had  been 
placed  by  MtiUer';  and  Hyrtl*  and  Franque*'  have  described 

1  Agassiz,  PoUi.  Foa,  Tom.  ii.  ■  Abhandl,  Ah  WUs.  Berlin,  1844. 

*  Journal  of  Anatomy,  Vol.  iv.  *  Phil  Trans.  1871. 

»  Proe,  Zool.  Soe.  1876.  •  VergL  Anat.  d.  Myx.  Berlin,  1835. 

'  Annalea  des  Sciences  Naturelles,  Tom  xxiv.     Heart  and  Alimentary  Canal 

figured. 

s  MttUer*8  paper  *'  Snr  les  Ganoldes  et  enr  la  elassifloation  natarelle  dea 
PoiBBons"  is  translated  by  Vogt  in  the  xxv.  Vol.  Ann.  Sc.  Nat. 

*  Ah.  Wiss.  Wien,  1855.  ^®  Amitu  ealvae  Anatomia,  Berlin  1847. 
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the  generative  organs  and  visceral  anatomy.  But,  I  am  imk 
aware  that  there  exists  any  connected  account  of  the  osteology 
of  the  skull  of  this  genus,  or  that  the  skuU  has  been  figured. 
As  I  have  lately  had  the  opportunity  of  dissecting  a  full  sixei 
specimen  of  Amia  calva,  and  as  serveral  interesting  &ctis  were 
elucidated  which  I  have  never  seen  mentioned  in  any  of  the 
text  books,  or  anatomical  memoirs  on  the  Ganoids,  I  have  ves- 
tured to  give  the  following  det^ption  of  its  skull. 

Ganoid  plat&8  andTri&nibfane  bones  of  the  cranium.  (Figs.  1  and  i.) 

The  flattened  and  depressed  cranium  is  invested  externally 
by  a  series  of  ganoid  plates,  all  of  which  are  firmly  attached  to 
the  underlying  cartilage  by  means  of  the  osseous  lamina  ad- 
hering to  the  under  surface  of  each  ganoid  plate.  The  external 
highly  polished  surfaces  of  the  plates,  with  the  exception  of  the 
nasals  and  the  dermo*ethmoid,  are  destitute  of  any  covering  of 
soft  skin,  and  all  of  them  have  their  surfaces  sculptured  into 
wavy  and  branching  rugosities,  which  radiate  from  the  centre 
towards  the  circumference  of  each  plate. 

Viewed  from  above  (fig.  1)  the  following  bones  are  seen. 
Overlying  the  occipital  region  there  is,  as  ia  many  of  the  Silu- 
roidei,  a  large  square  dermo-supra-occipital  (d^.    This  bone 
rests  upon  the  subjacent  cartilage  of  the  occipital  region  of  the 
chondrocranium,  and  by  its  hinder  margin  upon  the  epiotics; 
laterally  it  articulates  with  the  two  parietals,  in  front  with  the 
hinder  edges  of  the  frontals,  while  posteriorly  it  is  in  contact 
with  the  supra-temporals.    Owen^  says  that  this  bone  is  divided 
by  a  median  suture,  but  in  my  specimen  there  was  no  trace  of 
such  a  suture.    The  dermo-supra-occipital  is  flanked  on  either 
side  by  a  bone  which  overlies  the  pterotic  region  of  the  otic 
capsule,  and  occupies  much  the  same  position  in  Amia  as  the 
bone  marked  "Pa.  Ep."  in  Huxley's'  figures  of  Clarias,  and  the 
bone  usually  called  dermo-epiotic  in  many  Siluroids.     I  shall 
call  this  bone  parietal,  though  I  am  not  sure  that  it  would  not 
be  better  to  call  it '  dermo-pterotic,'  or  '  dermo-epiotic' 

^  Comparative  Anatomy ^  Vol.  i. 

'  Essay  on  the  Classmoation  of  the  Deyonian  Fishes,  Mem.  OeoL  Survtv. 
Dee,  10.    Figs.  21,  22. 
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Each  parietal  (pa)  is  triangular  in  shape,  with  straight  ex- 
ternal and  posterior  margins,  but  articulating  bj  a  sinuous 
internal  edge  with  the  dermo-supra-occipital  and  frontal  bones. 
Its  base  is  in  contact  with  the  supra-temporal,  and  its  apex  with 
the-dermo-sphenotic.  Each  parietal,  like  most  of  the  other 
investing  ganoid  plates,  has  its  ijnder  surface  much  thickened 
by  an  adherent  parostosis,  which,  along  the  outer  margin  of 
the  plate,  is  produced  downwards  into  a  short  vertical  ridge, 
which  rests  upon  the  pterotic  region  of  the  subjacent  cartilage,  * 
and  upon  the  opisthotic.  This  vertical  plate  prevents  the  hori- 
zontal portion  of  the  parietal  from  resting  directly  upon  the 
cartilage,  and  consequently,  when  the  skull  is  viewed  irom  be- 
hind, a  vacuity  is  to  be  seen  bounded  by  the  horizontal  and 
descending  plates  of  the  parietal,  the  epiotic  and  the  cartilage 
of  the  cranial  roof.  The  outer  margin  of  each  parietal  fulfils 
the  function  of  a  supra-temporal  in  transmitting  the  cephalic 
continuation  of  the  main  lateral  slime-canaL 

The  two  supra-temporals  (s.tp)  are  triangular  bones  with 
their  apices  pointing  inwards  towards  each  other,  but  not  com- 
ing into  contact;  behind  they  overlap  the  post-temporals  (pij>). 
Each  is  pierced  by  the  main  lateral  slime-canal  in  its  passage 
forwards  to  the  parietal,  and,  in  addition,  each  is  traversed  by 
the  transverse  canal  by  which  the  two  lateral  canals  of  opposite 
sides  are  connected  with  each  other.  In  Polypterus  these  two 
bones  are  represented  by  a  chain  of  six  transversely  disposed 
ossicles,  through  each  of  which  the  transverse  slime-canal  passes, 
and  a  similar  arrangement  is  found  in  Lepidosteus. 

The  frontals  (fr)  are  the  largest  of  the  investing  cranial  bones ; 
they  cover  the  greater  part  of  the  cranial  roof,  extending  from 
the  sphenotics  behind  to  the  prefrontals  in  front,  and  as  their 
width  is  much  greater  than  that  of  the  interorbital  region  of 
the  cranium,  they  roof  over  the  orbits.  The  frontals  articulate 
with  each  other  in  the  median  line  by  an  interdigitating  suture; 
behind,  they  are  in  contact  with  the  parietals  and  dermo-supra- 
occipital ;  and  in  front  they  articulate  by  a  straight  suture  with 
the  posterior  margins  of  the  nasals. 

Small  dermo-sphenotics  {ptf)  overlie  the  true  sphenotics  and 
lie  along  the  outer  margin  of  each  frontal ;  their  anterior  edges 
mark  the  posterior  limits  of  the  orbits.    At  the  anterior  and 
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external  edge  of  each  frontal  there  is  a  small  denno-prefrontal 
overlying  the  true  prefrontal. 

All  the  bones  that  have  yet  been  described  are  obviously 
composed  of  an  external  ganoid  plate,  and  of  an  internal  and 
much  thicker  lamina  resulting  from  the  ossification  of  the 
subcutaneous  tissue;  but  the  ganoid  plates,  to  be  presently 
described,  appear  to  be  composed  of  the  ganoid  element  only. 
The  large  paired  bones  (no)  in  front  of  the  frontals,  directly 
overlie  the  nasal  capsules,  and  by  their  emarginate  anterior 
edges  bound  the  foramen  for  the  anterior  nares  (a,n).  These 
bones,  at  first  sight,  greatly  resemble  the  paired  dermo- 
ethmoids  of  Polypterus,  but  as  the  T-shaped  bone  in  front  of 
them  appears  to  be  the  true  dermo-ethmoid,  I  shall  call  these 
paired  bones,  nasals. 

The  outer  margin  of  each  nasal  is  in  contact  throughout 
its  whole  length  with  a  long  and  slender  praeorbital  bone 
{p.orb).  There  is  a  bone  occupying  much  the  same  position 
in  Clarias. 

The  dermo-ethmoid  {eth)  is  somewhat  T-shaped,  with  its 
anterior  transverse  part  slightly  concave  from  side  to  side.  It 
overlies  the  prenasal  process  and  the  piemaxillse.  Each  end  of 
the  transverse  part  is  in  contact  with  the  prsBorbital  bone, 
while  the  stem  of  the  T  passes  backwards  between  the  nasals, 
separating  them  for  about  a  third  of  their  extent. 

The  orbit  is  bounded  in  front,  below,  and  behind  by  a  series 
of  five  orbital  bones ;  as  there  are  no  supra-orbital  bones  the 
orbit  is  limited  above  by  the  frontal.  A  large  lachrymal  plate 
(Z)  bounds  the  orbit  in  front,  and  two  very  large  wedge-shaped 
post-orbital  bones  (ptoi^b),  which  extend  backwards  over  the 
cheeks  bound  it  posteriorly.  These  bones  appear  to  be  repre* 
sented  in  Polypterus  by  a  single  large  cheek -plate  (marked 
Y  in  Dr  Traquair  s  paper),  which  appears  to  have  coalesced 
behind  with  the  prseoperculum.  The  lachrymal  and  postorbital 
bones  are  connected  beneath  the  orbit  by  two  small  suborbital 
pieces  (s.orb).  All  the  orbital  ganoid  plates  have  their  orbital 
margins  much  thickened  by  subcutaneous  ossification. 

Opercular  bones,  (Fig.  2.)  As  in  the  typical  Teleostei 
there  are  four  opercular  bones.  The  preoperculum  (p.op)  is  a 
narrow  crescentic  bone   firmly   anchylosed   to  the  hyomandi- 
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bular  and  symplectic  bones.  The  mandibular  branch  of  the 
great  lateral  slime-canal  traverses  the  whole  length  of  the  prc- 
operculum,  and  gives  off  several  short  transverse  branches  in 
its  course.  There  is  a  large  operculum  (op)  articulating  with 
the  condyle  on  the  hyomandibular,  a  small  ipteroperculum  (i»op) 
connected  by  ligament  with  the  angle  of  the  mandible,  and 
wedged  in  between  the  two  last-mentioned  elements — there  is 
a  suboperculum  (js.op). 

In  this  specimen  of  Amia  there  were  eleven  branchiostegal 
rays.  They  increased  in  size  progressively,  and  the  uppermost 
one,  which  is  the  largest,  is  attached  by  a  special  articulation  to 
a  facet  on  the  outer  side  of  the  epihyal.  The  rays  are  all 
attached  to  one  side — the  outer  side — of  the  ceratohyal,  and 
not  to  both  sides  as  is  commonly  the  case  in  Teleostei. 

In  comparing  the  skull  of  Amia  with  the  skulls  of  certain 
of  the  Siluroidei,  and  notably  with  that  of  Clarias,  it  is  in- 
teresting to  notice  that,  in  addition  to  the  more  obvious  and 
less  important  points  of  resemblance  between  the  two  genera 
necessitated  by  the  flattened  condition  of  the  head,  and  a 
foreshortening  of  the  prefrontal  region,  there  is  a  close  agree- 
ment between  them  in  the  number  and  relations  of  their 
ganoid  plates. 

In  Clarias,  as  in  Amia,  there  is  a  median  dermo-supraoc- 
cipital;  there  are  also  'parietals'  or  dermo-epiotics,  dermo- 
sphenotics,  and  dermo-prefrontals ;  paired  frontals  and  nasals ; 
and  a  median  T-shaped  dermo-ethmoid.  The  ethmoid  is  pro- 
portionally smaller,  and  the  nasal  proportionally  larger  in  Amia 
than  in  Clarias,  so  that  the  ethmoid  completely  sepiyrates  the 
nasals  in  the  latter  fish;  but  otherwise  there  is  but  little 
difference  between  the  two  forms  in  the  disposition  of  their 
ganoid  plates. 

In  Clarias  there  are  also  two  large  postorbital  bones 
covering  the  cheeks  and  extending  nearly  to  the  preopercu- 
lum.  This  genus  has  supra-temporals  and  preorbitals,  as  in 
Amia. 

The  ventral  surface  of  the  cranium  is  invested  by  a  para- 
sphenoid  and  vomers. 

The  former  bone  (pa.8)  extends  along  nearly  the  whole 
length  of  the  base  of  the  cranium,  from  the  vomers  in  front  to 
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the  posterior  margin  of  the  basioccipitaL  Behind,  this  bone  is 
somewhat  spoon-shaped^  and  in  front  it  partially  separates 
the  two  vomers  from  each  other.  About  the  middle  of  its 
length  the  parasphenoid  gives  off  two  lateral  wings  (a.p),  one  on 
each  side,  which  curve  upwards  in  front  of  the  prootic  and 
between  the  foramina  for  the  exits  of  the  fifth  and  seventh 
nerves  till  they  abut  against  the  post-frontals.  From  the  base 
of  each  lateral  ala  a  small  process  is  given  off  which  unites 
with  the  descending  process  of  the  alisphenoid,  and  so  foims 
the  outer  boundary  of  the  canal  through  which  the  mufides 
of  the  eyeball  pass. 

The  upper  surface  of  the  parasphenoid  is  marked  by  a 
longitudinal  ridge,  which  is  firmly  adherent  to  the  grooved 
inferior  surface  of  the  basi-occipital  and  the  cartilaginous  bass 
cranii.  The  lower  surface  of  the  bone  is  garnished  with  a 
number  of  closely  set  asperities. 

The  anterior  third  of  each  vomer  (vo)  is  suturally  united  to 
its  fellow ;  the  posterior  two-thirds  are  separated  by  the  inter- 
vention of  the  parasphenoid.  The  vomers  carry  a  number  of 
closely  set  conical  teeth  arranged  in  a  crescentic  series  parallel 
to  those  in  the  premaxillsB. 

PremaxillcB  and  maaillce,  (Fig.  3.)  Each  premaxilla  (p.mx) 
consists  of  an  expanded  and  thickened  marginal  portion  in 
which  the  long  and  curved  teeth  fringing  the  anterior  maigin 
of  the  gape  are  situated,  and  of  an  ascending  portion  which 
passes  backwards  beneath  the  nasals  in  contact  with  the  sub- 
nasal  cartilage  and  inter-nasal  septum  as  far  as  the  anterior 
edges  of  the  frontals.  The  spoon-like  upper  surface  of  this 
ascending  plate  upon  which  the  nasal  capsules  lie  is  perfo- 
rated in  the  centre  by  an  oval  foramen  for  the  passage  of  the 
olfactory  nerve  to  the  olfactory  mucous  membrane.  In  the 
median  line  between  the  two  premaxillse  the  prenasal  process 
(p.n)  becomes  visible.  Superiorly  the  premaxillse  are  covered 
by  the  nasals  and  dermo-ethmoid. 

The  maxillsB  (mx)  are  very  Teleostean.  Each  bone  carries  a 
number  of  small,  but  sharp  teeth,  and  each  has  its  anterior  end 
prolonged  into  an  inwardly  curved  process  which  rests  in  a 
groove  in  the   extreme  anterior  end  of  the  palatine.      The 
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maxillas  do  not  form  any  part  of  the  orHital  boundary.  Upon 
the  upper  pai*t  of  the  hinder  margin  of  each  bone  there  is  a 
jugal  bone. 

Chondrocranium  and  its  Ossifications,     (Figs.  2  and  3.) 

When  the  investing  parostoses  and  ganoid  plates  just 
described  have  been  removed  it  is  seen  that  the  cartilaginous 
roof  of  the  chondrocranium  is  complete,  there  being  no  trace  of 
the  fenestraB  which  exist  in  all  the  other  Ganoids*  with  the 
exception  of  Lepidosteus.  The  chondrocranium  is  very  de- 
pressed and  somewhat  wedge-shaped,  broad  behind  in  the 
occipital  region  and  tapering  gradually  to  the  prenasal  process 
anteriorly.  Neither  the  periotic  nor  the  olfactory  regions  form 
very  conspicuous  lateral  prominences.  Internally  the  cranial 
cavity  is  broad  behind,  and  with  a  gradual  diminution  in  width 
and  height  is  continued  forwards  between  the  orbits  to  a  point 
between  the  prefrontals,  where  it  is  terminated  by  a  lamina 
perpendicularis.  On  each  side  of  this  lamina  there  is  a  large 
foramen  through  which  the  olfactory  nerves  pass  to  the  nasal 
capsules.  Each  nasal  sac  rests  upon  a  broad  subnasal  lamina, 
and  is  separated  from  its  feUow  by  the  intemasal  prolongation 
of  the  lamina  perpendicularis,  which  finally  terminates  in  a 
short  conical  prenasal  process.  The  capsules  are  not  invested 
by  even  the  rudiments  of  alinasal  outgrowths. 

The  occipital  plane  is  greatly  inclined  forwards.  The  large  . 
•basioccipital  bone  (bo)  probably  represents,  in  addition  to  its 
own  proper  element,  the  centra  of  at  least  two  of  the  most 
anterior  vertebrae;  that  this  is  so  is  probable  from  the  fact 
that  two  neural  arches  are  attached  to  the  hinder  part  of  the 
bone.  Two  large  exoccipitals  (ex,o)  uniting  below  with  the 
basioccipital  by  a  persistent  suture,  and  separated  from  each 
other  superiorly  by  a  narrow  interspace  of  cartilage,  bound  the 
foramen  magnum.  The  outer  margin  of  each  bone  is  deeply 
cleft  by  the  foramen  {Vg)  for  the  vagus  nerve.  There  is  no 
proper  supraoccipital. 

In  the  auditory  capsule  there  are  distinct  epiotic,  opisthotic, 
sphenotic,  and  prootic  ossifications.  The  epiotics  (ep.o)  are 
small,  triangular  ossicles,  occupying  their  normal  position  in 

41—2 


612  MR  BRIDGE. 

relation  to  the  arch  of  the  posterior  vertical  semicircular  caiuJ« 
and  situated  immediately  over  the  exoccipitals. 

The  opisthotics  (op.o)  protect  the  postero-lateral  angles  of 
the  cranium,  and,  in  conjunction  with  the  exoccipitals,  bound 
the  vagus  foramen.  A  small  projecting  spur  unites  the  opisthotic 
to  the  prootic.  The  prootic  {pr.o)  is  the  largest  of  the  otic 
bones.  Externally  it  is  nearly  circular  in  shape,  but  is  deeply 
notched  in  front  for  the  exit  of  the  facial  nerve,  and  behind 
it  gives  up  a  process  which  suturally  unites  with  the  spur 
from  the  opisthotic.  Though  the  prootics  do  not  develope 
the  descending  outgrowths  so  characteristic  of  Teleostei,  yet 
they  give  o£f  internal  plates  which,  uniting  with  each  other 
in  the  median  line  of  the  cranial  floor,  form  a  characteristic 
'  prootic  bridge*  (Fig.  5). 

The  sphenotic  bones  (post-frontals)  (ptf)  occupy  the  antero- 
lateral angles  of  the  otic  capsules. 

There  is  no  pterotic  bone.  As  in  Polypterus  the  pterotic 
region  of  the  auditory  capsule  is  covered  by  the  lateral  margin 
of  the  parietal. 

With  the  single  exception  of  the  prootics  none  of  the 
otic  bones  are  visible  from  the  inside  of  the  ci*anial  cavity; 
and,  with  the  exception  of  the  slender  connection  of  the  opis- 
thotic and  prootic  elements,  the  otic  bones  are  separated  from 
one  another  by  wide  interspaces  of  cartilage.  The  prootic 
alone  is  traversed  by  the  particular  semicircular  canal  with 
which  it  is  in  relation ;  the  remaining  otic  bones  lie  entirely 
superficial  to  their  respective  canals  which  traverse  the  cartilage 
only. 

In  front  of  the  lateral  aide  of  the  parasphenoid,  and  be- 
tween the  foramina  for  the  fifth  and  optic  nerves,  is  the  ali- 
sphenoid  (cd.s).  This  bone  is  almost  circular  in  shape;  from 
the  middle  of  its  outer  surface  a  small  spicule  of  bone  is  given 
ofi^,  which  arches  over  the  canal  for  the  orbital  muscles  and 
abuts  against  the  smaller  of  the  two  lateral  processes  of  the 
parasphenoid. 

This  descending  process  bears  a  singular  resemblance  to 
the  "  descending  process  of  the  alisphenoid  "  so  common  among 
Mammalia.  The  alisphenoid  is  perforated  by  a  foramen  for 
the  first  division  of  the  fifth  nerve  (F'),  and  a  little  below  this 
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aperture  there  is  a  second  foramen  for  the  exit  of  the  second 
and  third  divisions  of  the  same  nerve  ( V"  and  V"). 

The  orbitosphenoids  (o.s.)  resemble  the  alisphenoids  in 
size  and  in  their  nearly  circular  outline ;  they  are  thin  above 
and  support  the  descending  cartilaginous  "roof-plates,"  but 
are  much  thicker  below,  where  they  rest  upon  the  thickened 
lateral  edges  of  the  coalesced  trabeculsB.  Viewed  from  the 
interior  of  the  cranium  their  inferior  edges  are  seen  to  approach 
closely  to  each  other,  though  they  remain  separated  by  the 
cartilage  which  forms  the  floor  of  the  trabecular  groove.  The 
hinder  border  of  the  bone  is  suturally  connected  with  the 
alLsphenoid,  and  is  cleft  nearly  to  its  centre  by  a  triangular 
fissure  for  the  passage  of  the  optic  nerve  (II).  An  examination 
of  the  interior  of  this  part  of  the  cranial  cavity  shows  that  the 
wide  and  shallow  pituitary  fossa  is  bounded  behind  by  the 
"  prootic  bridge  "  {Pro),  beneath  which  the  fossa  is  prolonged 
for  some  distance,  while  the  anterior  clinoid  wall  is  cartilagi- 
nous. A  strong  fibrous  membrane  forms  a  floor  to  the  fossa, 
and  in  addition  extends  between  the  alisphenoids  and  orbito- 
sphenoids and  the  subjacent  cartilage,  surrounding  the  optic 
nerves,  and  filling  up  what  would  otherwise  be  a  considerable 
vacuity  in  the  cranial  walls.  Immediately  in  front  of  the 
fossa  the  cartilage  of  the  cranial  floor  is  perforated  by  two 
small  foramina  for  the  entrance  of  the  carotid  arteries. 

Resting  upon,  and  in  part  embedded  in,  the  cartilaginous 
anterior  clinoid  wall  there  are  two  small  osseous  nodules  (6.^.). 
Each  ossicle  is  triangular  in  shape,  with  its  broad  end  resting 
on  the  cartilage,  from  the  ossification  of  which  the  bone  is, 
apparently,  in  part  formed,  while  the  apex  extends  into  the 
fibrous  membrane  which  has  been  described  as  forming  the 
floor  of  the  pituitary  fossa.  From  the  position  of  these  ossicles 
it  is  probable  that  ossification  commenced  in  the  fibrous 
membrane,  and  that  subsequently  it  invaded  the  anterior 
clinoid  wall.  Although  these  ossicles  have  only  a  fibrous 
connection  with  the  alisphenoids  their  position  and  relations 
point  to  their  homology  with  the  prepituitary  portion  of  the 
basisphenoid  of  other  Fishes.     According  to  Mr  Parker*  the 

1  Development  of  the  Salmon's  skull,  Phil.  Tram, ,  1872, 
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prepitukary  element  of  the  basisphenoid  in  the  Salmon  first 
appears  as  an  ossification  in  the  membranous  septum  behind 
the  optic  nerves.  At  first  this  ossification  is  quite  distinct  from 
the  adjacent  cartilage,  but  as  ossification  advances  the  cartilage 
is  invaded  and  the  exosteal  rudiment  becomes  a  true  endosteal 
centre.  Thus,  from  their  position  in  relation  to  the  "  trabecular 
crest;'  and  in  their  in  part  membranous  origin,  these  ossicles 
in  Amia  agree  with  the  basisphenoid  of  the  young  Salmon. 
The  existence  of  paired  ossicles  is  no  objection  to  the  homology 
suggested,  as  in  the  Ophidia  the  basisphenoid  has  a  similarly 
double  origin.  If  these  ossicles  are  rightly  determined  as  repire- 
senting  a  basisphenoid,  then  Amia  differs  from  aU  other  living 
Ganoids,  and  agrees  with  the  Teleostei  in  possessing  a  rudiment 
of  that  bone. 

I  may  add,  that  a  careful  examination  of  a  fresh  skull  of 
Lepidosteus  failed  to  reveal  the  existence  of  similar  structures 
in  that  ganoid.  In  Lepidosteus  the  cartilage  which  forms  the 
anterior  clinoid  wall  is  produced  upwards  on  each  side  between 
the  foramina  for  the  fifth  and  optic  nerves,  till  it  reaches  the 
lower  edge  of  the  alisphenoids ;  but  there  are  no  ossifications 
either  in  the  cartilage  itself  or  in  the  fibrous  floor  of  the  fossa 
In  this  fish,  as  in  Amia^  the  posterior  clinoid  wall  is  formed  by 
a  "  prootic  bridge." 

The  conjoined  trabeculsB  which  together  form  the  cartilagi- 
nous basis  cranii  are  continued  forwards  from  the  basioccipital 
as  a  flat  band-like  tract  forming  a  floor  to  the  interorbital 
extension  of  the  cranial  cavity.  A  shallow,  longitudinal  and 
median  groove,  in  which  the  upwardly  projecting  keel  of  the 
parasphenoid  lies,  extends  along  this  area,  and  evidently  marks 
the  line  of  coalescence  of  the  trabeculsB.  The  cartilage  form- 
ing the  bottom  of  the  groove  is  more  transparent  than  the 
thicker  lateral  edges,  and  hence  the  primitive  distinctness  of 
the  trabeculae  is  well  indicated. 

Between  the  nasal  capsules  the  basis  cranii  widens  out  into 
a  quadrangular  area  formed  largely  by  the  subnasal  lamina. 
The  postero-lateral  angles  of  this  area  are  occupied  by  the  pre- 
frontals, and  the  antero-lateral  angles  by  the  two  bones  to  be 
presently  described. 

The   prefrontals    {pr.f)   are    separated    from    the    orbito- 
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sphenoids  by  a  wide  tract  of  cartilage.  Internally  they  bound 
the  foramen  for  the  orbito-nasal  nerve,  and  inferiorly  each  haa 
a  deeply  grooved  articular  surface  for  the  palatine  bone.  The 
prefrontals  are  overlaid  by  small  but  distinct  ganoid  plates 
(Fig.  1),  which  appear  as  the  outer  and  anterior  comers  of  the 
frontal  bones. 

The  lamina  perpendicularis  is  quite  unossified,  hence  there 
is  no  true  ethmoid  as  there  is  in  Folypterus. 

The  two  ossifications  above  referred  to  as  forming  the  an- 
tero-lateral  angles  of  the  intemasal  area  are  peculiar  to  Amia 
amongst  Qanoids.  They  lie,  one  on  each  side  of  the  base  of 
the  prenasal  process,  and  appear  to  be  ossifications  in  the  carti- 
lage of  the  floors  of  the  nasal  capsules;  inferiorly  they  rest  on 
the  upper  surfaces  of  the  vomers. 

There  can,  I  think,  be  but  little  doubt  that  these  ossicles 
{sep/mx)  are  homologous  with  the  paired  endosteal  ossifications, 
which  are  to  be  found  at  the  distal  end  of  the  great  prenasal 
rostrum  in  the  Pike.  In  fact,  if  the  prenasal  region  in  Amia 
were  produced  anteriorly  into  a  rostrum  comparable  to  that  of 
the  Pike,  these  bones  would  exactly  resemble  in  position  and 
relations  their  homologues  in  the  latter  fish.  These  ossicles 
would  also  appear  to  be  homologous  with  the  septo-maxillary 
bone  described  by  Mr  Parker  as  existing  in  the  floor  of  the 
nasal  capsules  in  the  Frog ;  and  also  with  similar  bones  in  the 
Ophidia.  A  section  carried  through  these  bones  and  the  adja- 
cent cartilage  in  Amia  would  resemble  in  all  essentials  the 
various  sections  given  in  Mr  Parker's  paper*  on  the  develop- 
ment of  the  Frog's  skull  (PL  X.). 

Palato-pterygoid  apparatus  and  mspensorium.    (Fig.  6.) 

The  palato-pterygoid  apparatus  is  constructed  on  the  normal 
Teleostean  type  as  regards  the  number  and  mutual  relations  of 
its  component  bones.  It  consists  of  a  thin  axial  core  of  carti* 
lage  which  posteriorly  becomes  continuous  with  a  projecting 
spur  of  the  quadrate,  and  anteriorly,  in  the  prefrontal  region, 
swells  out  into  a  thickened  mass  of  cartilage  and  bone  overlying 
the  exosteal  portion  of  the  palatine.    In  connection  with  this 

1  Phil,  Traiu.,  1871. 
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axial  core,  palatine^  pterygoid  and  mesopterygoid  elements  are 
developed. 

The  palatine  (pa)  is  well  developed,  greatly  exceedincr  in  sue 
its  homologue  in  Polypterus;   it  is  composed  of  two  distinci 
elements,  an  exosteal  lamina  which  forms  the  inferior  part  and 
lateral  margin  of  the  bone,  and  an  endosteal  portion  by  which 
the  anterior  part  of  the  arcade  is  connected  with  the  prefrontal, 
and  apparently  formed  by  the  ossification  oi  a  mass  of  cartilage 
similar  to  that  which  in  the  Salmon  performs  a  like  function. 
The  exosteal  element  is  prolonged  forwards  in  front  of  the  pre- 
frontal bone  so  as  to  be  ultimately  connected  with  the  pre- 
maxilla,  vomer,  and  septo-maxillary.     It  carries  two  kinds  of 
teeth— long  curved  teeth  arranged  along  its  lateral  margin,  and 
resembling  those  in  the  premaxills,  with  which  they  form  a 
continuous  series;  and  a  group  of  short  obtusely  conical  teeth 
situated  internally  to  those  last  mentioned,  and  continuing  the 
series  of  vomerine  teeth. 

The  endosteal  portion  of  the  palatine  is  triangular  in  shape, 
and  cancellous  in  structure.  Its  superior  sur&ce^  together  with 
the  adjacent  cartilage,  form  an  antero-posterior  groove  for  the 
articulation  of  the  arcade  with  the  prefrontal.  The  prolonga- 
tion of  the  palatine  in  front  of  its  prefrontal  articulation  is  a 
well-marked  Teleostean  modification  possessed,  so  far  as  is 
known,  by  no  other  living  Ganoid. 

*  Behind  the  palatine  the  axial  cartilage  is  invested  on  its 
inner  side  by  a  mesopterygoid  (m.pg).    This  bone  affords  a  floor 
to  the  orbit.    In  shape  it  is  triangular,  with  the  apex  directed 
forwards,  and  overlapping  the  inner  surface  of  the  palatine ;  its 
posterior  edge  is  adherent  to  the  inner  surface  of  the  meta- 
pterygoid,  while  its  superior  margin  almost  touches  the  outer 
edge  of  the  parasphenoid.     The  inner  surface  of  the  mesoptery- 
goid is  garnished  with  a  number  of  very  small  teeth.     The 
pterygoid  is  an  elongated  slender  bone,  which^  by  means  of  a 
small  outer  and  a  larger  inner  plate,  clamps  the  lower  edge  of 
the  cartilage.    Anteriorly  this  bone  unites  suturally  with  the 
palatine ;  behind  it  is  applied  to  the  inner  side  of  the  distal  end 
of  the  quadrate,  while  the  outer  plate  overlaps  the  inferior  two- 
thirds  of  the  metapterygoid.     On  the  palatine  end  of  the  bone 
there  are  a  few  teeth.    The  tripartite  metapterygoid  {mt,pff)  is  of 
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unusual  size,  and  in  shape  is  not  unlike  that  of  the  Salmon,  but 
instead  of  lying,  as  in  that  fish,  immediately  over  the  quadrate, 
it  is  situated  almost  entirely  in  front  of  that  bone.  The  small 
process,  which  is  just  indicated  in  the  Salmon,  becomes  in  Amia 
a  conspicuous  cartilage-tipped  process,  rising  from  the  middle  of 
the  curved  upper  surface  of  the  bone,  and  reaching  almost  to  the 
level  of  the  cranial  end  of  the  hyomandibular.  This  process 
seems  to  represent  either  the  orbitar  process  of  the  mandibular 
arch,  or  the  summit  of  the  arch.  The  pointed  anterior  end  of 
the  bone  almost  touches  the  descending  process  of  the  alisphe- 
noid ;  the  straight  hinder  edge  is  applied  to  the  inner  side  of 
the  quadrate,  reaching  nearly  to  the  articular  end  of  that  bone\ 
The  quadrate  has  the  usual  triangular  shape.  The  hinder 
margin  is  grooved  for  the  symplectic,  and  the  apex  carries  a 
rounded  condylar  facet  for  articulation  with  the  mandible.  The 
front  edge  of  the  bone  is  produced  into  a  forwardly  projecting 
process,  with  which  the  axial  cartilage  of  the  palatopterygoid 
arcade  becomes  continuous. 

The  hyomandibular  (A.m)  does  not  articulate  with  any  of 
the  otic  bones,  but  is  applied  to  a  groove  in  the  cartilage  of  the 
otic  region  immediately  over  the  prootic  and  opisthotic  bones. 
The  posterior  border  has  a  strong  knob  for  the  operculum,  and  - 
its  middle  is  obliquely  perforated  by  a  foramen  for  the  facial 
nerve.  The  wide  synchondrosis  which  unites  the  hyomandibular 
and  sjrmplectic  bones  has  a  well-marked  backwardly  projecting 
"knee,"  and  is  grooved  by  an  articular  surface  for  the  cartila- 
ginous interhyal.  The  symplectic  (sym)  is  rather  large,  and  is 
firmly  attached,  but  not  anchylosed,  to  the  quadrate.  Its  cup* 
shaped  distal  end  furnishes  an  articular  surface  for  one  of  the 
ossicles  in  the  adjacent  end  of  the  mandible. 

The  long  axis  of  the  hyomandibular  is  directed  backwards 
and  downwards,  and  is  almost  at  right  angles  to  the  axis  of  the 
symplectic,  which  is  directed  forwards.  It  is  possible  that  this 
angulation  of  the  proximal  half  of  the  second  postoral  arch  may 
account  for  the  forward  position  of  the  metapterygoid. 


divisions 

cess' 

such  that  I  could  not  ascertain  the  relations  of  these  processes  to  the  branches 

of  the  fifth  nerve. 
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Tfie  Mandible.     (Fig.  7.) 

The  mandible  is  an  unusually  complex  structure,  as  each 
ramus  consists  of  not  fewer  than  fourteen  distinct  elemental 
Meckel's  cartilage  persists  as  a  thin  axial  band  of  cartilaga 
Its  distal  end  is  ossified^  and  forms  a  small  cylindrical  mento- 
meckelian  ossicle  {mt.mk),  which  lies  in  a  groove  on  the  inner 
side  of  the  symphysial  end  of  the  dentary  (d).  The  proximal 
end  of  the  cartilage  is  the  seat  of  at  least  four  distinct  ossific 
centres.  Of  these,  three  are  arranged  in  a  linear  series  ]ho- 
ceeding  from  the  angular  extremity  of  the  mandible.  These 
are  referred  to  in  the  annexed  plates  as  a,  b,  and  c.  Of  these 
the  ossicles  a  and  b  form  the  anterior  and  posterior  boundaries 
of  the  articular  cup  for  the  quadrate,  and  are  separated  from 
each  other  by  that  portion  of  Meckel's  cartilage  which  forms  the 
bottom  of  the  cup.  The  bone  marked  'o'  is  much  smaller  than 
the  other  two.  That  part  of  Meckel's  cartilage  adjacent  to  the 
articular  cup  is  produced  vertically  upwards  and  forwards  intx) 
a  well-marked  "  coronoid  process"  (or).  The  base  of  this  process 
is  the  seat  of  an  ossification  (d)  which  forms  the  outer  side  of 
the  articular  cup,  and  fits  into  the  cup-shaped  distal  end  of  the 
preoperculum.  Thus  these  three  bones,  a,  b,  and  c,  contribute  to 
the  formation  of  the  concave  articular  surface  for  the  quadrate. 

Hitherto  it  has  been  currently  stated  in  anatomical  text- 
books that  the  mento-meckelian  bone  at  the  distal  end,  and  the 
articular  bone  at  the  proximal  end  of  Meckel's  cartilage,  were 
the  only  elements  of  the  mandible  really  formed  by  ossification 
of  the  cartilage  itself;  yet  in  Amia  there  can,  I  think,  be  but 
little  doubt  that  at  least  four,  and  probably  five,  ossific  centres 
are  developed  in  the  axial  cartilage. 

Whether  one  of  the  centres  a,*  6,  c,  and  d  represent  the 
OS  articulare  of  the  Teleostean  mandible,  or  whether  the  latter 
bone  is  really  a  compound  bone  resulting  from  the  coalescence 
of  the  persistently  distinct  elements  of  Amia,  is  not  very 
evident;  but  I  am  inclined  to  think  that  the  os  articulare  is 
not  so  simple  a  bone  as  it  has  hitherto  been  supposed  to  be. 

As  the  Meckelian  cartilage  is  the  distal,  or  ventral  half  oi 
the  first  postoral  visceral  arch,  though  it  may  not  be  possible 
to  point  out  the  special  homologies  of  the  mento-meckelian, 


CRANIAL  OSTEOLOGY  OP  AMI  A  CALVA.  619 

and  the  ossicles  a,  h,  c,  and  d,  with  the  ossifications  found  in 
the  ventral  halves  of  the  remaining  postoral  arches,  yet  I  think 
that  we  may  roughly  correlate  those  ossicles  with  the  interhyal, 
epihyal,  ceratohyal  and  hypohyal  of  the  hyoidean  series. 

It  may  also  be  that  the  cartilaginous  "  coronoid  process  "  is 
another  instance  of  the  tendency  manifested  by  the  first  postoral 
arch  to  develope  forward  connective  outgrowths,  of  which  the 
orbitar  process  and  the  palato-pterygoid  arcade  are  conspicuous 
examples  in  the  proximal  half  of  this  arch. 

In  addition  to  the  mandibular  elements  above  referred  to 
there  are,  in"  addition,  several  membrane  bones.  The  ossifi- 
cation 'a'  has  a  small  ganoid  plate  (d.a)  attached  to  it,  which 
appears  at  the  extreme  tip  of  angle  of  the  jaw.  Just  behind 
this  there  is  a  large  angular  element  {Ag),  and  above  this  splint 
and  applied  to  the  outer  surface  of  the  coronoid  cartilage  there 
is  a  supra-angular  piece  (s.ag).  The  dentary  (d),  shaped  like 
a  half  cylinder,  completes  the  series  of  splints  seen  on  the  outer 
side  of  the  ramus.  The  inner  side  of  the  Meckelian  cartilage  is 
invested  by  a  large  triangular  splenial*  piece,  and,  as  in  Polyp- 
terus  and  Ceratodus  among  Ganoids,  and  in  Siren  and  larval 
Salamanders  among  Amphibia,  carries  a  number  of  small 
teeth.  Amia  also  further  resembles  the  young  Polypterus, 
in  that  the  splenial  does  not  extend  continuously  to  the  sym- 
physis, but  the  interval  is  occupied  by  a  series  of  five  small 
thin  teeth-bearing  plates.  The  splenial  teeth,  and  those  carried 
by  the  last  mentioned  ossicles  form  a  continuous  series  parallel 
to  the  much  larger,  curved  teeth  carried  by  the  dentary.  There 
is  no  coronary  splint. 

Hyoidean  and  branchial  arches. 

These  structures  scarcely,  if  at  all,  differ  from  those  of  the 
ordinary  Teleostean.  The  inter-hyal  is  a  small  square  piece  of 
cartilage  attached  to  a  groove  in  the  cartilaginous  interspace 
between  the  hyomandibular  and  symplectic.  The  epihyal  has 
a  rounded  condyle  for  articulation  with  a  cup  in  the  adjacent 
extremity  of  the  interhyaL  A  ceratohyal  and  a  hypohyal  com- 
plete the  arch. 

^  The  splenial  element  is  not  shewn  in  the  flgnres. 
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There  are  five  branchial  arches,  and  of  these  the  first  four 
are  complete,  containing  pharyngo-branchial,  epi-branchiat 
cerato- branchial  and  hypo-branchial  elements;  the  fifth  arch 
has  the  cerato-branchial  only  represented  by  bone.  The 
hypo-branchial  of  the  third  and  fourth  arches  are  bifurcate 
at  the  ventral  ends.  The  epihyal  of  each  arch  gives  off  a 
short,  backwardly  projecting  process  which  is  attached  to  the 
pharyngo-bmnchial  of  the  arch  behind  it.  The  basi-braochial 
elements,  four  in  number,  are  laterally  compressed  pieces  of 
bone  and  cartilage,  and  only  one  of  them  is  ossified. 

Cranial  distribution  of  the  Miwous  Canals. 

The  main  lateral  canal  of  each  side  penetrates  the  post- 
temporal,  supra-temporal,  'parietal'  and  na^sal  bones,  and  then, 
instead  of  joining  the  transverse  ethmoidal  branch,  as  might 
have  been  expected,  it  appears  to  terminate  in  three  short 
branches  opening  at  the  surface  between  the  nasals,  the  ethmoid 
and  the  prae-orbital  bones.  Commissural  and  other  branches 
are  given  off  from  each  lateral  trunk.  A  transverse  canal, 
traversing  the  two  supra-temporals,  connects  the  lateral  canals 
of  opposite  sides.  A  mandibular  branch  {sic)  leaves  each  lateral 
canal  in  the  parietal,  and  passing  downwards  through  the  pre- 
operculum,  as  in  Teleostei,  pierces  the  angular  element,  and 
traverses  the  dentary  to  effect  a  junction  with  its  fellow  of  the 
opposite  side.  Finally,  a  suborbital  branch  leaves  the  lateral 
canal  in  the  vicinity  of  the  dermo-sphenotic  and,  perforating 
that  bone,  passes  downwards  and  forwards  through  each  of  the 
post-orbital  bones,  through  the  suborbital,  lachrymal  and  prse- 
orbital  bones,  to  the  transverse  part  of  the  dormo-ethmoid  where 
it  joins  the  corresponding  division  of  the  other  side. 

Numerous  pores  connect  all  these  canals  with  the  surface  at 
irregular  intervals. 

Summary. 

In  summarisiug  the  results  of  the  foregoing  description  of  the  ahull  of 
Amia,  I  would  lay  stress  on  the  following  facts,  as  having  a  special  bearing 
on  the  affinities  of  Amia  to  the  more  highly  specialized  osseous  fishes  and 
to  the  Amphibia. 

I.  The  possession  of  a  complete  chondrocranium,  i.e,  the  absence  of 
foneatrce  in  the  cranial  roof,  as  in  Lepidosteus,  and  the  Pike  (Esox). 
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IL  The  existence  of  a  nearly  complete  series  of  otic  bones,  oomprisinff 
a  large  prootic  with  internal  plates  forming  a  characteristic  "prootic  bridge  ' 
in  the  noor  of  the  cranium,  opisthotic,  epiotic,  and  sphenotic  elements. 

IIL  The  presence  of  two  ossific  centres,  partly  exosteal  and  in  part 
endosteal,  forming  radimentary  basi-sphenoid. 

IV.  Septo-maxirary  ossifications  in  the  sabnasal  lamina,  as  in  Glarias, 
Esox,  Rana  and  Ophidia. 

y.  The  interorbital  prolongation  of  the  cranial  cavity,  separating  dis- 
tinct, paired  ali-  and  orbito-sphenoids. 

YL  The  prolongation  of  the  palatine  in  front  of  its  prefrontal  articu- 
lation and  the  connection  of  its  anterior  end  with  the  inwardly  curved  pro- 
cess of  the  maxilla. 

.  VIL  The  possession  of  a  T-shaped  dermal  ethmoid  overlyinff  the  pre- 
maxillsB,  and  the  dose  analogy  in  number  and  relations  between  the  invest- 
ing ganoid  plates  of  Amia  and  those  of  the  Siluroidei,  and  especially  with 
those  of  Glflurias,  as  has  been  previously  described. 

y  III.  A  complete  series  of  opercular  bones,  a  preoperculum  anchylosed 
to  the  hyomandibular  and  symplecUc  bones,  an  operculum,  or  interopercu- 
lum,  and  a  suboperculum. 

IX.  The  presence  of  a  jugal  bone  attached  fus  in  Teleostd  to  the  upper 
edge  of  the  posterior  part  of  the  maxilla. 

X.  The  existence  of  a  mento-meckelian  ossicle,  as  in  Spatularia,  and 
of  several  additional  centres  of  ossification  in  the  proximal  extremity  of 
Meckel's  cartilage. 

XI.  The  presence  of  five  accessory  dentigerous  splenial  elements  in 
addition  to  the  normal  mandibular  splints,  as  in  the  voung  Polypterus  and 
Ceratodus  among  Ganoids,  and  in  Siren  and  larval  SaLamand^rs  among 
Amphibia. 

In  combining  in  its  cranial  structure  the  anatomical  facts  expressed  in 
paragraphs  I — IX  inclusive,  Amia  differs  from  all  other  living  Ganoidei« 
and  exhibits  distinct  and  decided  affinities  to  such  generalized  types  of 
physostomous  Teleostei  as  the  Siluroidei,  Gyprinoidei,  &c  On  the  other 
nand,  in  common  with  all  other  Ganoids,  Amia  possesses  several  points  of 
resemblance  with  larval  and  adult  forms  of  Amphibia,  especially  as  r^rds 
the  structures  to  which  attention  has  been  directed  in  paragraphs  I V,  X, 
and  XL  Moreover,  in  the  angulation  of  the  mandibular  arch  caused  by  the 
forward  growth  of  its  metapterygoid  element,  we  have  a  repetition  of  an 
arrangement  characteristic  of  the  adult  Frc^,  and  of  certain  Selachians 
(Notidanus).  But,  notwithstanding  these  evidences  bf  widespread  affinity, 
it  is  evident  that  if,  in  addition  to  the  above-mentioned  facts,  we  accredit 
Amia  with  the  possession  of  cycloid  scales,  non-lobate  fins,  a  nearly  homo- 
cereal  tail,  and  note  the  absence  of  spiracles,  the  Teleostean  affinities  pre- 
dominate; and  it  may  be  asked  whether,  despite  certain  peculiarities  in  the 
structure  of  its  generative  organs  and  bulbus  arteriosus,  the  gap  between 
the  ganoid  Amia  and  the  physostomous  Teleostei  m  not  less  than  need  be 
expressed  bv  ordinal  distinction. 

It  may  be  that  just  as  Polypterus  and  its  near  ally  of  the  same  family 
are  the  sole  surviving  examples  of  the  otherwise  long  extinct  order  of 
Grossopteryg^an  Ganoids,  so  the  Amiidse  are  tho  sole  survivors  of  those 
widely  generalized  Ganoidei,  out  of  which  more  specialized  Teleostei  were 
directly  evolved. 
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EXPLANATION  OF  PLATES. 

For  the  drawings  from  which  the  aocompanyiDg  plates  were  taken,  I  sb 
indebted  to  Mr  J.  W.  Olaric,  whose  kinaness  f  gratefully  acknowledjfe^ 
Fiffures  YI.  and  YII.  were  drawn  for  me  by  Mr  C.  H.  Haddon,  of  Chnt's 
College.  The  figures  are  all  of  life-size,  and  the  lettering  iB 
throughout 


ai.  s.  alisphenoid 

ag.  angular* 

bo,  basioccipital. 

b.  9.  basispheuoid. 

cr,  coronary  cartilage. 

ct.  cerato-hyal. 

d,  ptf.  dermo-postfrontal 

d.  so,  dermo-supraocdpital. 

d.  dentary. 

da.  dermal  part  of '  a.' 

eth,  ethmoid. 

ep.  0.  epiotia 

eph.  epihyal 

ex.  0.  exoocipitaL 

/r.  frontal. 

h.  m.  hyomandibular. 

».  op.  interoperculum. 

jg-  jugal. 

I.  lachrymal. 

Ifk,  Meckers  cartilage. 

.971^.  fnk.  mento-meckelian. 

ma.  maxilla. 

m.  pg.  mesopterygoid. 

mt.  pg.  metapterygoid. 

b.         I  ossifications  in  Meckel's 

e.  I     cartilage 
d.        J 


OS. 

op.  0. 

op. 

pa. 

pr.  0. 

pLf. 

pr./. 

p.  op. 


orbitosphenoid. 
opisthotia 
operculum, 
parietal 
prootic. 

postfrontal  (sphenotic). 
prefrontal 
preopercnlnm. 
pt.  orb.   postorbital. 
p.  mx.     premaxilla. 
p.n.        prenasal  prooeas. 
pa^  s.      parasphenoid. 
p.  tp.      post-temporal 
pr.  orb,  preorbitaL 
pg.         pterygoid. 
q.  quadrate. 

s,  orb.     suborbital. 
sp.  fnx.   septo-maxiHaTj  bone. 
suboperculum. 
supra-temponiL 
snpraangmar. 
symplectia 
vomer. 
Foramen  for  optic  nerre. 

for  first  dmrioii  of 

the  fifth  nerve, 
for  second  and  third 
divisioDfl    of   the 
fifth  neorve. 
&cial  nerve. 


s.op. 
s.  tp. 

s.ag. 
sym. 
w. 
IL 

v. 


v. 


n 


VIL 


n 


n.  nasal 

fU.  d,  )  neural  arches  attached  to 

rd.  a".  I      basi-oocipital 

Fig.  L  Upper  surface  of  the  cranium  of  Amia  with  the  ganoid  plates 
in  situ. 

Fig.  II.    Lateral  view  of  the  same. 

Fig.  III.  Skull  of  Amia  seen  from  below.  The  parasphenoid  and 
vomer  are  seen,  and  in  addition,  the  inner  side  of  the  paLatopteiygoid 
arch ;  this  arch  has  been  removed  on  the  right  sida 

Fig.  IV.  Lateral  view  of  the  cranium,  with  the  ganoid  plates  and 
palatopterygoid  apparatus  removed. 

Fig.  y.  View  of  interior  of  cranial  cavity ;  the  ganoid  plates  and  part 
of  the  cartilaginous  cranial  roof  have  been  removed  so  as  to  i^ow  the 
basispheuoid  and  the  "prootic  bridge." 

Fig.  YI.  Palatopterygoid  arcade,  with  hyomandibular,  metapterygoid, 
quadrate  and  preoperculum  attached* 

Fig.  YII.  Inner  side  of  the  mandible :  the  splenial  has  been  removed 
in  order  to  show  Meckel's  cartilage  and  its  accessory  ossifications. 


EXPERIMENTS    ON    THE    BILIARY    SECRETION  OF 
THE  DOG,     Bj  Prof.  Rutherford  and  M.  Viqnal. 


Action  of  Sodium  Sulphate. 

Works  on  Therapeutics  generally  make  no  mention  of  any 
cholagogue  action  of  this  substance.  In  the  fourth  edition  of 
Garrod's  Materia  Medica,  however,  it  is  stated,  that  in  addition 
to  its  action  as  a  saline  purgative  it  "probably  influences  the 
biliary  secretion." 


ExperxTnent  1. 
19.5  kilogrammes. 


Dog  that  had  fasted   19  hours.     Weight 


SMTstion  of  bile  before  and  alter  sodlnm  solphate.  31  co.  nater  injected  into 
daodenmn  at ».  60  grains  Bodium  sulphate  in  13  co.  water  injected  at  •, 
and  again  at  ^. 

Autopsy.  Evidence  of  decided  purgative  action  in  small 
intestine,  the  mucous  membrane  of  which  exhibited  a  con- 
siderably increased  vascularity, 

1  tbia  Journal  Ti>I.  i.  p.  353,  the  Beeond 
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Experiment  2.      Dog  that  had  ^tcd  20  hours.      Weight 
15.7  kilogrammeB.     (Fig.  2.) 


Secretion  ol  bile  before  and  after  B04iiim  sulphate.    3  co.  bile  and  6  ee.  water — 

heated  to  ATC injected  into  daodenum  at  b,     606  gmiuB  sodiiim  Bulphate 

—in  the  same  fluid  heated  to  37*>C.,  injected  at  a. 

Autopsy.  Mucous  membrane  of  whole  length  of  smalt  in- 
testine slightly  reddened.  The  small  intestine  contained  147 cc. 
of  clear  fluid  with  greenish  flakes;  thus  affording  evidence  of 
a  decided  purgative  cflfect. 

Results  of  Experiments  with  Sodium  Sulphate. — Doses  of 
60  grains  twice  repeated  (Bsperimeat  1),  and  a  single  dose  of 
508  grains  (Experiment  2),  increased  the  biliary  secretion. 
Sodium  sulphate  is  undoubtedly,  therefore,  a  hepatic  Btimulaot, 
but  not  of  great  power,  for  even  in  the  second  case  the  secre- 
tion of  bile  per  kilogramme  of  body-weight  did  not  rise  higher 
than  0.388  cc  per  hour.  The  positive  character  of  this  result 
is  important,  because  it  is  well  known  that  the  waters  of  Carls- 
bad have  a  cholagogue  action,  and  although  they  contain  in 
addition  to  sodium  sulphate,  sodium  carbonate,  sodium  chloride, 
potassium  sulphate,  and  small  quantities  of  other  substances. 
sodium  sulphate  is  the  principal  salt,  and  to  it  the  cholagi^ie 
action  is  doubtless  chiefly  due. 

Sodium  sulphate,  however,  ha^  for  a  considerable  time 
been — in  practical  medicine — almost  entirely  superseded  by 
magnesium  sulphate,  on  account  of  its  "  more  agreeable  taste" 
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(Garrod) :  ve  therefore  performed  the  two  following  experiments 
to  determioe  whether  or  not  this  suhstaoce  is  ft  cholagogue. 


Action  of  Maqnesium  Sulphate. 

Sxperiment  8.     Dog  that  had  fasted  17  hours.     Weight 
5.4  kilogntmmes.    (Fig.  3.) 


Autopsy.     Great  pm^tive  action  in  upper  half  of  Hmall 
intestine.    Hacoiu  memhrane  intensely  reddened. 

Experiment  4.     Dog  that  had  fasted  17  hours.     Weight 
8.2  kilogrammes.    (Fig.  4.) 


Seotetion  of  bile  before  and  anei  iii*gneaiiim  nilphAte.  80  gnina  Id  IS  oo. 
watei  at  n.  60  (CninB  In  6  eo.  mter  ti  m',  m",  n",  and  190  grsina  in 
lii  00.  water  at  mT',  all  Injected  Into  dnodennm  (SM  gnUno  giren  in  all). 

AnroFSY.    Small  intestine  contained  90  cc.  of  fluid,  whereas 
only  42  cc.  had  heen  injected.     There  was,  therefore,  evidence 
of  decided  purgation,  and  there  was  intense  irritation  of  the 
mucous  membrane  in  the  upper  half  of  the  small  intestine. 
VOL.  XI.  42 
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Results  of  Experiments  with  Magnesium  Sulphate. — ^Expeii- 
ment  3 — ^but  especially  experiment  4 — clearly  show  that^  unlike 
sulphate  of  soda,  magnesium  sulphate  has  no  cholagogue  actioiL 
The  curve  in  experiment  4  exhibits  remarkably  well  the  efiect 
on  the  secretion  of  bile,  produced  by  a  substance  that  stimu- 
lates the  intestinal  glands,  but  not  the  liver.  In  such  a  case 
the  biliary  secretion  is  simply  diminished. 


Ezperixneot  1. 

Secretion 

of  bile  per 

kilogramme 

of  dog:  per 

hoar. 


Secretion 

of  bile  per 

15". 


Cft. 

0.25 
0.25 
0.80 
0.40 
0.55 
0.50 
0.50 

0.55 

0.80 
1.00 
1.06 
1.65 
1.50 
0.65 
1.00 

0.60 
1.30 
1.40 
1.50 
1.35 


0.107  cc. 


I 


0.266  00. 


>  0.279  CO. 


Experiment  2. 

Secretion 

of  bile  per 

kilogramme 

of  dog:  per 

hoar. 


Secretion 

of  bile  per 

15". 


CO. 

1.00 
0.95 
0.95 
0.95 

0.95 
1.05 
0.95 
1.00 

1.00 
1.10 
1.05 
1.15 
1.25 
1.40 
1.45 
1.50 
1.60 
1.55 
1.45 
1.55 
1.45 
1.85 
1.50 
1.45 
1.55 
1.85 


I" 


.251  oc. 


>  0.388  CO. 


Experiment  3. 

SecretioD 

of  bile  per 

kilo!gtaimne 

of  dog:  per 

hour. 


Secretion 

of  bile  per 

16". 


m 


.« 


00. 

0.70 
0.45 
0.70 
0.95 
0.95 
1.20 
1.20 
1.00 

0.90 
0.55 
0.40 
0.40 

0.30 
0.40 
0.45 

0.66 
0.50 
0.40 
0.30 


[ 


0.564 


[ 


0.342  cc 


Action  of  Potassium  Sulphate. 

Potassium  sulphate  is  sometimes  employed  as  a  pui^tive 
agent,  but  no  mention  is  made  in  the  books,  of  its  having  any 
action  on  the  liver.  Dr  Wade  of  Birmingham,  however,  in- 
formed us  that  he  finds  this  substance  a  cholagogue  in  man, 
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I- 


and  at  his  request  we  tested  by  our  method  its  action  on  the 
liver  of  the  dog^ 


Ezpeximent  4. 

Secretion 

of  bUe  per 

kUogramme 

of  dog:  per 

hour. 


Secreiioii 
of  bile  per 


.w 


./«f 


^Wl 


00. 

0.50 
0.60 
0.55 
0.60 
0.55 

0.50 
0.50 
0.50 
0.50 

0.50 
0.40 
0.40 

0.85 
0.30 

0.85 
0.85 
0.30 

0.40 
0.25 
0.25 


I 


0.28  CO, 


0.146  CO. 


Ezperiment  5.          | 

Secretion 

Secretion 

of  bile  per 

of  bile  per 
15". 

kilogramme 

of  dog:  per 

hour. 

00. 

1.45 

1.40 

1.85 

1.40 

1.82 

h 

1.82 

\ 

1.82 
1.40 

\  0.815  CO. 

1.82 

1 

1.40 

1.82 

1.40 

1.42 

1.20 

1.52 

1.42 

1.85 

1.40 

1.42 

1.85 

1.42 

1.20 

1.85 

1.20 

1.45 

1.27 

1.27^ 

1.17 

j 

1.22 
1.10 

>  0.266  CO. 

1.02 

) 

Ezperiment  7. 

Secretion 

Secretion 

of  bile  per 

of  bile  per 

kilogramme 

15". 

of  dog:  per 

hour. 

CO. 

1.80 

1.90 

1.70 

1 

1.65 
1.65 

>  0.816  00. 

1.70 

1 

V  — 

1.80 

1.70 

1.90 

1.80 

1.90 

2.05 

2.07 

2.10 

2.25 

2.87 

2.45 

t.40 

2.45 

2.50 

2.47 

2.55 

1 

2.55 
2.57 

>  0.47  cc. 

2.45 

) 

2.40 

2.80 

2.40 

2.40 

1 

2.20 
1.95 

>  0.852  CO.* 

1.20 

) 

Experiment  5.  Dog  that  had  fasted  17  hours.  Weight  17 
kilogrammes.    (Fig.  5.) 

Autopsy.  Small  intestine  contained  137  cc.  greenish  fluid 
-with  mucous  flakes.  The  mucous  memhrane  exhibited  in- 
creased vascularity  with  small  ecchymoses  in  its  upper  fourth. 

In  this  case,  therefore,  this  substance  irritated  the  intestine 
and  produced  purgation,  but  did  not  excite  the  liver.  It  was 
decided  to  give  in  the  next  case  a  larger  dose. 

42—2 
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Fig.  fi. 


SMTBtioD  of  bile  betoro  uicl  titez  potaa 


Experiment  6.    Iiarge  dog  that  had  fasted  17  hoars.     Its 
weight  uufortanatelf  was  Dot  recorded.    (Fig.  6.) 


8«eretion  of  bile  before  and  after  potaseinm  talplinte.  2)  ee.  bile  and  85  oe. 
water  injected  into  daodenam  at  b,  the  same  witb  142  grains  potasa.  mlph. 
injected  %t  $  aod  agaiu  at  **, 
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Autopsy.  Small  iatestioe  contained  143  cc.  watery  fluid. 
The  vascularity  of  the  mucous  membrane  in  the  whole  Jength 
of  tbe  small  iotestioe  was  slightly  increased. 

There  being  in  this  case  evidence  of  a  slight  increase  of  the 
biliary  secretion,  another  experiment  was  thought  desirable. 

Experiment  7.  Dog  that  had  fasted  17  hours.  Weight 
21.5  kilogrammes.     (Fig.  7.) 


AUTOFST.  Increased  vascularity  of  mucous  membrane  in 
whole  length  of  small  intestine.  The  small  intestine  contained 
90  cc.  clear  brownish  Buid  with  Dumerous  mucous  flakes.  There 
was,  therefore,  evidence  of  considerable  purgative  action. 

MeaultB  of  Experiments  with  Potassiwn  Sulpkate. — Experi- 
ment 7  cleaxly  shows  that  potaaaiupi  sulphate  is  undoubtedly  a 
hepatic  stimulant.  The  dose  of  232  grains,  given  in  this  case 
to  a  full-sized  d<^,  was  just  the  maximum  dose  for  a  man. 
The  negative  effect  of  124  grains  in  experiment  5,  and  the 
slight  effect  of  142  grains  twice  repeated  in   experiment    6, 
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suggest  that  this  substance  is  uncertain  in  its  action  on  the 
liver.    Regarding  its  action  on  the  intestinal  glands,  however, 
there  was  no  uncertainty,  for  its  purgative  effect  was  pronounced 
in  all  the  three  experiments.    Possibly  the  sparing  solubility  of 
the  salt  may  render  its  absorption  into  the  portal  vein  uncer- 
tain. The  bile  given  along  with  the  salt  in  experiments  5  and  6 
had  probably  nothing  whatever  to  do  with  the  result.     The 
result  of  experiment  7  completely  supports  Dr  Wade's  opinion, 
that  potassium  sulphate  is  a  cholagogue.    Indeed,  the  amount 
of  bile  secreted  per  kilogramme  of  body-weight  under  its  influ- 
ence in  experiment  7  was  greater  than  in  either  of  the  experi- 
ments with  sodium  sulphate  (1  and  2).     The  apparent  uncer- 
tainty, however,  in  the  action  of  potassium  sulphate  must  not 
be  lost  sight  of. 

Action  of  Sodium  Phosphate. 

Sodium  phosphate  is  described  in  the  text-books  as  a  mild 
saline  purgative;  nothing  being  said  about  its  action  as  a 
cholagogue.  Professor  Stephenson  of  Aberdeen,  however,  has 
found  it  specially  useful  for  children  when  there  is  a  deficiency 
of  bile  in  the  discharges  (Edinburgh  Medical  Journal,  1867, 
Vol.  XIII.  p.  336).  The  dose  as  a  purgative  for  a  man  is 
120—480  grains. 

Experiment  8.  Dog  that  had  fasted  20  hours.  Weight 
26.9  kilogrammes.     (Fig.  8.) 

AuTOPST.  Somewhat  increajsed  vascularity  of  mucous 
inembrane  of  small  intestine.  Evidence  of  a  very  decided 
purgative  effect:  the  contents  of  the  small  intestine  being  of 
a  very  watery  character. 

Tablb  l 

CampoHHan  of  the  Bile  before  and  after  Sodium  Photphate, 


Experiment  8. 

Before. 

After. 

TT  I«v"a                 ••«               •■■               •••               •-••               •••               ••• 

Bile-aoids,  pigments,  cholesterin,  fats 

Mucus 

•*0U   «•■               •■•               •«•               ■••               •••               •«>               ■«• 

84.69 

13.23 

1.01 

1.07 

85.15 

12.91 

0.93 

1.01 

100.00 

100.00 

Velocity  of  secretion  per  half-hour       3.6  ce. 

5.5  CO. 

1 


EXPBHUENTS  ON  THE  BU.UBT  SECBCTIOH   07  THE  DOO. 
Kg.  8. 


ReauUs  of  ExperimenU  with  Sodium  Phosphate.—  !.  This 
substance  is  uodoubtedly  a  hepatic  stimulant  of  very  consider- 
able power.  2.  Although  it  renders  the  bile  more  watery,  it 
increases  the  amount  of  biliary  matter  secreted  per  unit  of 
time.  3.  While  acting  as  a  purgative,  it  irritates  the  intesti- 
nal mucous  membrane  very  slightly. 

The  results  of  experiment  8  were  so  satisfactMy — both 
doses  of  the  substance  producing  an  effect — that  it  was  thought 
needless  to  repeat  it,  as  it  confirms  I>r  Stephenson's  observa- 
tions on  the  human  subject,  adding  to  these,  however,  the  defi- 
nite knowledge  that  it  has  the  power  of  actually  increasing  the 
flow  of  the  bile,  and  that  it  does  so  by  stimulating  the  hepatic 
cells. 
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liesidts  of  Experiments  with  Mdgnesium  Sulphate. — ^Experi- 
ment 8 — ^but  especially  experiment  4 — clearly  show  that,  unlike 
sulphate  of  soda,  magnesium  sulphate  has  no  cholagogue  action* 
The  curve  in  experiment  4  exhibits  remarkably  well  the  effect 
on  the  secretion  of  bile,  produced  by  a  substance  that  stimu- 
lates the  intestinal  glands,  but  not  the  liver.  In  such  a  ccLse 
the  biliary  secretion  is  simply  diminished. 


Experiment  1. 

Secretion 

of  bile  per 

Irilogranune 

of  dog:  per 

hour. 


Secretion 

of  bile  per 

16". 


cc. 

0^5 

0.25 

0.30 

0.40 

0^6 

0.50 

0.50 

0.55 

0.80 
1.00 
1.06 
1.65 
1.50 
0.05 
1.00 

0.60 
1.80 
1.40 
1.50 
1.35 


0.107  ce. 


1 0.266  oe. 


>  0.279  cc. 


Experiment  2. 

Secretion 

of  bile  per 

kilogramme 

of  dog:  per 

hour. 


Secretion 

of  bile  per 

15". 


cc. 

1.00 

0.95 

0.95 

0.95 

0.95 
1.05 
0.95 
1.00 

1.00 
1.10 
1.05 
1.15 
1.25 
1.40 
1.45 
1.50 
1.60 
1.55 
1.45 
1.55 
1.45 
1.85 
1.50 
1.45 
1.55 
1.85 


} 


0.251  oc. 


[ 


0.8880c. 


Experiment  8. 

Secretion 

of  bile  per 

kilogramme 

of  dog:  per 

homr. 


Secretion 

of  bile  per 

15". 


m' 


." 


cc. 

0.70 

0.45 

0.70 

0.95 

0.95 

1.20 

1.20 

1.00 

0.90 
0.55 
0.40 
0.40 

0.80 
0.40 
0.45 

0.65 
0.50 
0.40 
0.80 


\ 


0.564  ee. 


1 


0.342  60, 


Action  of  Potassium  Sulphate. 

Potassium  sulphate  is  sometimes  employed  as  a  pui^tive 
agents  but  no  mention  is  made  in  the  books,  of  its  having  any 
action  on  the  liv^.  Dr  Wade  of  Birmingham,  however,  in- 
formed us  that  he  finds  this  substance  a  cholagogue  in  nuin, 


J 


v;« 


.m       -f 
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and  at  his  request  we  tested  by  oiir  method  its  action  on  the 
liver  of  the  dog« 


Experiment  4. 

Seeretion 

of  bile  per 

kilogramme 

of  dog:  per 

hour. 


Seoretion 

of  bile  per 

15". 


m 


m' 


.»* 


m 


m 


nT' 


ec. 

0.50 

0.60 

0.55 

0.60 

0.55 

0.50 
0.50 
0.50 
0.50 

0.50 
0.40 
0.40 

0.85 
0.80 

0.85 
0.85 
0.30 

0.40 
0.25 
0.25 


1 


0.28  00. 


0.146  oc. 


Experiment  5.         | 

Seoretion 

Seeretion 

of  bile  per 

of  bile  per 

kilogramme 

15". 

of  dog:  per 

hour. 

CO. 

1.45 

1.40 

1.85 

1.40 

1.83 

h 

1.82 

\ 

1.83 
1.40 

K  0.815  eo. 

1.83 

) 

V  — 

1.40 

1.83 

1.40 

1.43 

1.30 

1.53 

1.43 

1.85 

1.40 

1.43 

1.85 

1.43 

1.30 

1.85 

1.30 

1.45 

1.37 

1.37% 

1.17 

1 

1.33 
1.10 

>  0.366  CO. 

1.03 

) 

Seoretion 

Seoretion 

of  bile  per 

of  bile  per 

kilogramme 

15". 

of  dog:  per 

boor. 

00. 

1.80 

1.90 

1.70 

1 

1.65 
1.65 

>  0.816  00. 

1.70 

I 

V  — 

1.80 

1.70 

1.90 

1.80 

1.90 

3.05 

3.07 

8.10 

3.35 

3.97 

2.45 

t.49 

3.45 

3.50 

3.47 

3.55 

J 

3.55 
3.57 

>  0.47  00. 

3.45 

I 

3.40 

3.80 

2.40 

2.40 

j 

2.20 
1.95 

>  0.852  CO. 

1.20 

) 

Exfpervm&ni  5.  Dog  that  had  fasted  17  hours.  Weight  17 
kilogrammes.    (Fig.  5.) 

AuTOPST.  Small  intestine  contained  137  cc.  greenish  fluid 
with  mucous  flakes.  The  mucous  memhrane  exhibited  in- 
creased vascularity  with  small  ecchjmoses  in  its  upper  fourth. 

In  this  case,  therefore,  this  substance  irritated  the  intestine 
and  produced  purgation,  but  did  not  excite  the  liver.  It  was 
decided  to  give  in  the  next  case  a  larger  dose. 

42 2 
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Fig.  11. 


Seeretioii  of  bQe  before  and  after  Budiom  ohloride.  10  ca.  water  injeoted  into 
dnodennm  at  to.  The  same  with  120  giaina  sodinm  chloride  iiijooted  at  i, 
«", «",  «"'  (180  grains  given  in  nil). 

injected,  decided  purgative  actioD  had  taken  place.    The  vas- 
cularity of  tho  mucous  membrane  7as  slightly  increased. 

ReiuU  of  Experimeni  with  Sodium  Chloride. — Inasmuch  as 
the  first  three  doses  of  sodium  chloride,  amounting  in  the  aggre- 
gate to  360  grains,  produced  scarcely  any  effect  on  the  aecretioo 
of  bile,  it  may  be  concluded  that  this  substance  is  a  very  feeble 
hepatic  stimulant.  Another  experiment  did  not  appear  to  be 
required. 


Action  or  Sodium  Bicarbonate. 

ExperimejU  12.  Dog  that  had  fasted  18  hours.  Weight 
16.3  kilogrammes.     (Fig.  12.) 

AuTOPST.  The  vascularity  of  the  mucous  membrane  of  the 
small  intestine  was  slightly  increased.  The  viscus  contained 
60  cc.  of  a  greenish  mucous  fluid. 


EXPEfilHENTS  ON  THE  BILUET  SECBBTION  OF  THE  DOQ. 
Pig.  la. 


Seeretion  of  bile  before  and  after  sodiam  bioarbonate.  6  m.  water  and  3  oo. 
bile  uij»ot«d  into  daodenimi  at  b.  The  lame  wiUi  SI  graini  Bodiam 
bioarlMniBte  injected  at  (,  ('  and  t".  1Go«.  water  with  3oo.  bile  and  124 
grains  sodium  bicarbooate  injected  at  *"  (317  grains  giTen  in  all). 

Expenment  13.    Dog  that  had  fasted  IS  hours.     Weight 
19.9  kil<^rammes.     (Fig.  13.) 


Beoietion  ot  bile  before  and  alter  sodium  bicarbonate.  E  oo.  water  and  3.5  ce. 
bila  injected  into  dnodennm  at  ft.  The  eame  with  64  grains  aodiom  bi- 
earbonate  injected  at  *,  <',  aad  i"  (192  grains  given  in  all). 

Reaidi  of  Experiments  with  Sodium  Bicarbonate. — In  expe- 
riment 12,  the  amount  of  bile  secreted  per  kilogramme  of  body- 
wfflght  during  the  first  hour  was  0.294  cc.,  during  the  seventh 
hour  it  was  0.287  cc;    aiid  during  the  laat  hour — after  217 
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grains  sodium  bicarbonate  had  been  given,  it  was  0.341  oa 
In  experiment  13  the  secretion  during  the  first  hour  was 
0.23  oc.  per  kilogramme  of  body- weight;  during  the  fifth  hour, 
when  the  secretion  was  at  its  height,  it  was  0.28  cc.  per  kilo- 
gramme, 128  grains  of  sodium  bicarbonate  having  been  given. 
It  is,  therefore,  evident,  that  this  substance  has  scarcely  any 
effect  on  the  secretion  of  bile.  Nevertheless,  the  slight  effect 
perceptible  in  experiment  13  more  especially,  indicates  an  ex- 
citing influence  on  the  liver,  although  an  extremely  feeble  one. 


Experiment  8. 

Seoretion 

of  bile  per 

kilogramme 

of  dog:  per 

hour. 


Secretion 

of  bile  per 

16". 


CO. 

2.05 
2.07 
1.90 
1.90 
1.80 
1.80 

1.70 
1.90 
1.80 
1.95 
2.07 
2.15 
2.17 
2.17 

2.20 
2.27 
2.25 
2.40 
2.40 
2.80 
2.60 
lost. 
2.70 
2.80 
2.90 
2.95 
8.15 
8.05 
2.30 
2.67 


} 


0.2T8  00. 


[ 


0.448  CO. 


Experiment  9. 

Secretion 

of  bile  per 

kilogramme 

of  dog:  per 

hour. 


Secretion 

of  bile  per 

15". 


cc. 

0.25    • 

0.15 

w 

■ 

0.15 

0.05 

r 

0.25 

0.30 

0.35 

1" 

0.35 

0.50 

0.60 

r" 

0.80 

1.00 

r"' 

• 

1.00 
0.60 
0.60 
0.50 
0.55 
0.35 


0.115  cc. 


0.653  CO. 


Experiment  10. 

Secretion 

of  bile  per 

Idlogramme 

cf  dog:  per 

honr. 


Seerefion 

of  bile  per 

16". 


oc. 

0.75 

0.70 

0.70 

0.70 

0.76 
0.80 
0.70 
0.70 

0.76 
0.70 
0.70 
0.80 
0.90 
0.85 
0.90 
0.95 
0.85 
0.85 
1.00 
1.05 
1.00 
1.10 
1.00 
0.90 
1.00 
0.90 
0.70 


} 


0.236  CO. 


■ 

} 


0.382  oc 
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Action  of  Potassium  Bicarbonate. 

Experiment  14.     Dog  tbat  had  fasted  18  hours.     Weight 
19.3  kilogrammee.     (Fig.  14-.) 

Fig.  It 


Beoretion  ol  bile  b«fora  and  after  potassium  bioaibonate.  SI  grains  in  6  oo. 
water  injected  into  dnodennm  at;i,  p',  and;".  108  grains  ineoe.  water  in- 
jeat«d  at  p"'  (301  graiiu  given  in  all). 

AuTOPST.  53  cc.  of  a  clear  brownish  fluid,  vith  numerous 
raucous  flakes  in  small  intestine.  Vascularity  of  mucous  mem- 
brane considerably  increased. 

Result  of  Experiment  with  Ptitaasiam  Bicarbonate. — 201 
grains  of  this  substance  increased  the  secretion  of  bile  but  not 
to  a  great  extent,  for  the  bile-secretion  per  hour  did  not  rise 
higher  than. 0'384cc.  per  kil<^amme  of  body-weight.  Seeing 
that  31  grains  produced  no  eflect,  it  may  be  safely  inferred  tbat 
the  dose  of  10  or  15  grains  often  taken  by  a  man  does  not 
appreciably  affect  his  biliary  secretion. 


AcnoN  of  Ammonium  Chloride. 

Chloride  of  ammonium  is  "by  some  considered  a  chola- 
gogue"  [Qajtod's M<Ueria Medica, 4-th  ed.p.  51).  Dr  W.Stewart 
(quoted  in  Wood's  Therapeuticg,  1874,  p.  446)  has  recommend- 
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ed  it  in  cases  of  chronic  torpidity  of  the  liver,  to  be  given  in 
doses  of  twenty  grains  thrice  a  day,  for  weeks  or  even  months. 

Experiment  15.     Dog  that  had  fasted  18  hours.     "Weight 
7  kilc^rammea.     (Fig.  15.) 

Pig.  16. 


Seoretion  of  bile  before  uid  after  ammoninm  ebloride.  6  oc  water  injected  in- 
to dnodeDiun  at  w.  The  same  iritli  6  grains  ammomnm  ohloride,  injected 
at  a,  and  again  at  a'  and  a"  (16  graina  given  in  all). 

Autopsy.  Small  intestine,  in  nearly  its  whole  length,  con- 
tuned  a  large  quantity  of  a  very  watery  fluid.  The  vascularity 
of  the  mucous  membrane  was  only  slightly  increased. 

Experiment  16.  Dog  that  had  ffusted  20  hours.  Weight 
13.7  kilogrammes.     (Fig.  16.) 

Fig.  16. 


Beeiation  of  bile  before  and  after  ammonioin  chloride.  )  ce.  bile  and  5  cc.  water 
injected  into  duodenotD  at  b.  The  same  with  10  grains  ammoniiun  eblorida 
injected  at  a.  At  a',  the  same  witii  30  grains,  at  a"  the  same  with  40 
giains,  at  a"  the  aame  wid  flO  grains. 

AdTOFST.  Somewhat  increased  vascularity  of  the  mucous 
membrane  of  the  upper  three-fourths  of  the  small  intestine. 
There  was  evidence  of  a  moderate  purgative  effect 

ResuU  of  Experiments  with  Amvwnium  Chloride. — The 
two  experiments  with  this  substance  show  that  doses  capable 
of  stimulating  the  intestinal  glands  did  not  excite  the  liver. 
The  effect  on  the  biliary  secretion  is  comparable  to  that  of- 
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sulphate  of  magnesia  (experiments  3  and  4],  or  other  sub- 
stance having  a  stimulant  effect  on  Lieberkiihn's  glands,  but 
not  on  the  liver.  Inasmuch,  therefore,  as  these  experiments 
give  no  evidence  of  any  stimulant  action  of  this  substance 
on  the  liver,  and  seeing  that  in  the  human  subject  also  there 
is  no  certain  evidence  of  its  having  any  direct  cholagogue 
action,  one  is  led  to  ask  whether  the  effects  observed  by 


Experiment  11.         | 

Experiment  14.         | 

Experiment  16. 

Secretion 

Secretion 

-Secretion 

Secretion 

of  bile  per 

Secretion 

of  bile  per 

Secretion 

of  bile  per 

of  bile  per 

kilogramme 

of  bile  per 

kilogramme 

of  bile  per 

kilogramme 

16*. 

of  dog:  per 

16". 

of  dog:  per 

16". 

of  dog:  per 

hoar. 

hour. 

hour. 

cc. 

CO. 

cc. 

1.82 

1.80 

1.00 

\ 

1.72 
1.82 

1.86 
1.10 

1 

0.90 
0.87 

V  0.267  cc. 

1.72 
w 

1.16 
1.20 

>  0.238  cc. 

0.90 
h 

) 

1.72 

I  0.28  cc. 

1.16 

I 

0.90 

1.76 
1.80 
1.76 

P 

1.20 

1.16 

0.90 

0.86 

a 

• 

• 

1.16 

0.90 

1.70 

JP' 

0.86 

1.70 

1.26 

1.00 

1.76 

1.80 

0.90 

1.76 

1.46 

1 

0.80 

• 

1.76 

1.80 
1.60 

1 0.287  CO. 

o' 

0.90 

1.86 

\ 

1.80 

) 

0.80 

1.90 
1.90 

1 0.306  00. 

1.26 

0.96 
0.77 

2.00 

1 

1.80 

a" 

1.80 

1.40 

0.80 

«" 

1^" 

0.70 

1.86 

1.46 

0.80 

2.10 

) 

1.40 

0.76 

2.16 
2.20 

>  0.846  cc. 

1.46 
1.60 

a'" 

0.80 

2.22 

) 

1.60 

0.70 

2.00 

1.60 

0.90 

2.16 

1.60 

0.70 

2.00 

1.67 

0.66 

1 

1.90 

1.70 
1.60 

I 

0.66 
0.62 

>  0.169  cc. 

1.90 

1.80 

\ 

0.60 

1 

2.00 
1.80 

1.86 
1.86 
1.90 
1.70 
1.40 
1.46 
1.30 

V  0.884  cc. 

,  640  PROF.   BUTHEKFORD  AND  M.  TIGNAU 

Dr  Stewart  in  cases  of  chronic  hepatic  torpidity,  may  not 
have  been  the  result  of  some  indirect  action  of  the  liver,  due 
to  a  slight  but  prolonged  increase  of  the  intestinal  secretion,  or 
to  some  effect  on  the  system  generally. 


Action  of  Nitiio-htdrochloric  Acid. 

The  dilute  nitro-hydrochloric  a«id  employed  by  us  was 
prepared  thus  (British  Fhartnac<^<Bia).  Mix  3  cc.  nitric  acid 
with  4  cc  hydrochloric  acid.  After  an  interval  of  twenty-four 
hours,  add  23  cc.  water.  The  dose  for  a  man  is  from  5  to  20 
minims. 

The  employment  of  this  substance  in  hepatic  disorder  was 
first  recommended  by  Dr  Scott  of  Bombay,  who  used  it  largely 
in  "  congestion  of  the  liver."  It  was  admioistered  as  a  foot- 
bath, and  also  interuaJly.  Its  effects,  however,  were  by  some 
held  to  be  so  doubtful,  that  its  use  appears  to  have  been  aban- 
doned for  a  time  (Ohristison's  ZHtpentatory,  1848,  p.  41). 
Anfiesley,  Martin,  and  others — experienced  in  the  diseases  of 
India — have,  however,  supported  the  opinion  held  by  Scott. 
Wood  (A  IVeatiae  on  TkerapeaUcs,  London,  1874,  p.  88)  main- 
tains, from  his  own  observation,  that  it  increases  the  flow  of 
the  bile. 

Experiment  17.  A  small  dog  (weight  not  ascertained)  that 
had  fasted  17  hours.     (Fig.  17.) 


Beoretion  of  bile  before  and  after  nitro-bydrochlorie  add.  30  «a.  nter  in- 
jected into  dnodenom  at  a.  The  EBme  with  20  nuninia  dilvte  nitro-faydio- 
ehlorio  add  lujeeted  at  b,  e,  d  and  c. 

AuTOPST,     The  daodenal  mucous  membrane  was  slightly 
congested.     There  was  no  evidence  of  purgation. 
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Ei^aerimertt  18.     Dog  that  had  fasted  17  hours.      Weight 
17.7  kilogrammes.     (Fig.  IS.) 


AuTOPsr.  There  was  alight  congestion  of  the  upper  part  of 
the  small  iatestine  to  the  exteot  of  about  10  inches.  In  the 
duodenum  the  mucous  membrane  had  a  yellowish-grey  appear- 
ance, as  if  it  had  been  slightly  corroded  by  an  acid.  There  waa 
no  evidence  of  any  purgative  effect. 

Results  of  Experiments  with  Nitro-hydrochloric  Acid. — Tlie 
positive  effect  of  the  acid  in  experiment  18  is  a  remarkable 
contrast  to  the  negative  result  observed  in  experiment  17.  In 
consequence  of  the  positive  result  in  the  latter  case,  and  seeing 
that  it  completely  threes  with  observations  on  man,  we  did  not 
think  it  necessary  to  perform,  another  experiment  In  view  of 
the  positive  effect  in  18,  we  do  not  attach  any  importance  to  the 
negative  result  of  experiment  17 ;  for  the  animal  was  a  small  one, 
and  in  such  a  case  a  cholagc^e  sometimes  fails  to  act,  probably 
for  the  reason  mentioned  at  p.  64-7.  It  ia  proved,  then,  that  thia 
acid  actually  stimulates  the  hepatic  cells.  This  result  is  a  step 
in  advance  of  previous  knowledge,  for  observations  on  man 
VOL.  xi.  43 
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have  not  determined  whether  its  cholagogue  power  is  due  to 
reflex  stimulation  of  the  gall-bladder,  or  to  excitement  of  the 
hepatic  secreting  apparatus. 

Action  of  Mercury. 

Experiments  on  the  action  of  calomel  have  already  been 
detailed  in  our  first  series  (this  Journal^  Vol.  X.  p.  286).      In 
three  of  the  four  experiments  there  mentioned,  calomel  caused 
no  increase  of  the  biliary  secretion.     In  the  fourth  experiment, 
however,  a  trivial  increase  was  the  result.     So  many  observers 
having  stated  that  calomel  is  a  cholagogue  in  the  human  sub- 
ject, the  result  of  our  experiments  seemed  to  us  very  remark- 
able, inasmuch  as  every  other  svhstance,  save  ammonium  chhride, 
believed  to  be  a  cholagogue  in  man,  is  also  a  cholagogie  in  the 
dog.    The  harmony  existing  between  the  results  of  our  experi- 
ments and  those  of  clinical  experience,  in  all  cases  save  those 
mentioned,  induced  us  to  submit  the  action  of,  mercurial  salts 
to  a  more  searching  investigation. 

In  all  the  four  previous  experiments,  the  calomel  was  sim- 
ply suspended  in  water,  and  injected  into  the  duodenum. 
Seeing  that  it  never  failed  to  stimulate  the  intestinal  glands, 
and  thus  to  produce  a  purgative  action,  its  negative  effect  on 
the  liver  was  the  more  remarkable.  Calomel  is  insoluble  in 
water,  and  as  Headland  {The  Action  of  Medicines,  4th  edit 
London,  1867,  p.  380)  has  pointed  out  that  it  is  to  a  slight 
extent  soluble  in  bile,  we  are  led  to  suppose  that  possibly  its 
non-action  on  the  liver  in  these  cases  might  have  resulted  from 
the  absence  of  bile  from  the  intestinal  canal.  We  accordingly 
performed  the  two  following  experiments,  in  which  the  calomel 
was  mixed  with  bile,  and  then  injected  into  the  duodenum. 

Ewperiment  19.  Dog  that  had  fasted  17  hours.  Weight 
14.7  kilogrammes.    (Fig.  19.) 

Autopsy.  The  upper  half  of  the  small  intestine  contained 
evidence  of  decided  purgation.  Its  mucous  membrane  was  con- 
siderably congested. 

The  main  result  of  this  experiment  was — diminished  biliary 
secretion,  nevertheless,  the  slight  increments  of  secretion  that 
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Fig.  19. 


SMietion  of  bQe  before  and  after  ealomel  given  with  hUB.  Ci  do.  bile  tai 
3.6  oo.  wkter  injeoted  into  dmodennin  at  b.  2  grains  ealomcd  in  the  »boTo 
flnid  injeetad  iiio  dnodettom  it  c,  tf,  d",  uid  d,  rupeotiTel;. 

followed  the  first,  second,  and  fouirth  doses,  rendered  a  repeti- 
tion of  the  experiment  desirable. 

Experiment  20.     Dog  that  had  fasted  17  hours.     Weight 
25.7  kilogrammes.    (Fig.  20.) 

Fig.  ao. 


Secretion  of  bile  before  and  after  oalomel  given  with  bile.  O.S  a«.  bile  and 
S.Soe.  water  injeoted  into  dnodennm  at  b.  1  graiit  oalomel  in  the  above 
floid  injected  into  dnodannm  at  e,  e',  if,  €',  c*,  respeetiTely. 

AllTOPSr.  The  upper  half  of  the  email  intestine  contained 
187  cc.  of  a  viscous  6uid  with  grey  flakes ;  thus  affordiDg 
evidence  of  strong  purgation.  The  vascularity  of  the  mucous 
membrane  was  decidedly  increased. 

i£«suU  of  EspeiimmU  wtfA  Cf^U/md  muced  vsi^  Bile. — The 
biliaiy  secretion  in  experiment  20  was  so  regular,  and  the 
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doses  of  calomel  so  graduated,  that  its  result  may  be  regarded 
as  conclusively  showing,  that  calomel  when  mixed  with  bile 
and  placed  in  the  duodenum,  does  not  excite  the  liver,  although 
it  powerfully  stimulates  the  intestinal  glands.  The  CLdditian  of 
bile  to  the  calomel  made  therefore  no  difference  in  the  result. 


Experiment  18. 

Seenition 

of  bile  per 

kilogpramme 

of  dog:  per 

hour. 


Secretion 

of  bile  per 

15". 


ce. 

0.65 

0.40 

0.50 

0.65 

1.00 
0.95 
1.05 
1.10 
1.40 
1.46 
1.55 
l.GO 
1.40 
1.50 
2.20 
1.72 
1.62 
1.45 

1.50 
1.35 
0.95 


I 


0.117  CO. 


I 


0.892  ee. 


Experiment  19. 

Seeretion 

of  bile  per 

Idlognunme 

of  dog:  per 

hour. 


Secretion 

of  bile  per 

15". 


.'/ 


cc. 

1.05 

0.85 

0.65 

0.80 

0.65 

0.55 

0.55 
0.85 
0.40 

0.55 
0.60 
0.80 
0.75 
0.45 

0.85 
0.50 
0.55 
0.55 
0.30 

0.15 
0.25 
0.20 
0.10 
0.15 

0.65 
0.40 
0.25 
0.20 
0.80 


0.125  ce. 


I 


0.196  ce. 


1 0.129  cc. 


V 


108  CO. 


.»/» 


Experiment  20. 

Secretioii 

of  bile  per 

kilogramme 

of  dog:  per 

hour. 


Secretion 

of  bile  per 

16". 


.n/f 


cc. 

1.80 

1.90 

1.80 

1.70 

1.70 

1.65 

1.66 
1.70 
1.65 

1.70 
1.70 
1.65 
1.62 

1.60 
1.62 
1.57 
1.62 

1.62 
1.60 
1.55 
1.60 

1.50 
1.40 
1.50 
1.40 

1.40 
1.80 
1.40 
1.80 
1.25 


0.258  ce. 


[ 


0.248  ec 


1 0.204  oc 


Since  the  first  series  of  these  experiments  was  published, 
some  have  asked  whether  the  negative  effect  of  the  calomel  on 
the  liver  there  recorded,  may  not  have  been  owing  to  the 
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circumstanoe  that  the  drug  was  introduced  directly  into  the 
duodenum,  and  thus  escaped  the  action  of  the  gastric  juice,  to 
which  it  is  subjected  when  administered  by  the  mouth.  As 
this  is  the  only  instance  in  which  our  method  of  administering 
the  various  drugs  can  with  the  least  show  of  reason  be  regarded 
as  leading  to  fallacious  results,  we  resolved  to  probe  this  point 
thoroughly. 

As  is  well  known,  Miahle  {Chimie  Appliqti^)  ascribed  all 
the  effects  of  calomel,  and  other  mercurial  preparations,  to  the 
production  of  mercuric  chloride,  by  the  action  of  the  alkaline 
chlorides  in  the  secretions  of  the  alimentary  canal,  more  espe- 
cially in  the  gastric  juice.  This  theory  has,  however^  been 
strongly  opposed  by  Buchheim,  (Etinger,  and  Winckler  (referred 
to  in  Wood's  Therapeuttcs,  1874,  p.  330),  on  the  grounds  that, 
at  a  temperature  so  low  as  that  of  the  body,  calomel  undergoes 
no  transformation  into  mercuric  chloride  in  a  solution  of  alka- 
line chlorides.  Nevertheless,  one  must  remember  that  the  gas- 
tric juice  contains  free  hydrochloric  acid.  The  amount  is  only 
0.02  per  cent,  in  the  juice  of  man,  mixed  with  saliva:  in  that  of 
the  dog,  the  amount  is  0.031  per  cent.  (G.  Schmidt).  When 
Miahle  wrote,  the  free  acid  of  the  gastric  juice  was  thought  to 
be  lactic ;  therefore,  the  effect  of  very  dilute  hydrochloric  acid 
on  calomel,  at  the  body  temperature,  has  not  hitherto  been 
investigated.  As  no  conclusion  could  be  legitimate  in  the 
absence  of  definite  information  on  this  point,  we  performed 
the  following  experiment: 

Experiment  20  a.  Calomel  was  washed  with  ether,  the 
filtrate  tested  with  caustic  potash,  and  proved  to  contain 
no  mercuric  chloride.  Of  the  calomel — thus  ascertained  to 
be  pure — we  placed  three  grammes  in  500  cc.  distilled  water 
containing  0.02  per  cent,  anhydrous  hydrochloric  acid,  and 
submitted  the  whole  to  a  constant  temperature  of  100*  Fahr. — 
the  temperature  of  the  stomach — ^for  thirty-six  hours.  The  fluid 
was  then  filtered,  concentrated,  and  tested  with  sulphuretted 
hydrogen.  A  distinct  precipitate — first  white,  then  changing 
to  yellow,  and  finally  to  black — ^was  obtained,  thus  proving  the 
presence  of  corrosive  sublimate.  Judging  from  the  precipitate 
the  amount  was  considerable,  but  a  large  quantity  of  calomel 
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hod  been  employed,  and  it  had  been  acted  on  by  the  actd  for  a 
lengthened  period.  We  repeated  the  experiment,  using  the 
same  amount  of  calomel,  and  acid  finid,  but  keeping  it  only 
seventeen  houra  at  the  temperature  of  the  body.  The  fluid 
was  then  filtered,  the  filtrate  evaporated,  the  residue  dried 
and  weighed,  and  it  was  found  that  3  grammes  of  calomel 
had  yielded  17  milligrammes  of  mercuric  chloride.  Under 
similar  circumstances,  5  graina  calomel — the  ordinary  dose  for 
a  man — would,  if  digested  eeventeea  hours  with  about  60  cc. 
acid  fluid,  have  yielded  ^  grain  mercuric  chloride.  Wheth^ 
or  not  80  minute  a  quantity  of  the  latter  substance  is  likely 
to  affect  the  human  liver  will  be  considered  in  the  sequeL 
Calomel  is  usually  taken  at  bed-time  on  an  empty  stomach. 
We  do  not  know  if  it  can  call  forth  a  secretion  of  gastric  juice 
sufficient  to  exert  an  appreciable  influence  upon  it ;  but  in 
any  case,  it  probably  does  not  remain  in  the  stomach  more 
than  five  or  six  hours  at  the  utmost.  We  however  postpone 
for  the  present  the  further  consideration  of  this  point. 

Experiment  21.    Dog  that  had  fasted  17  houra.    Weight, 
8.8  kilogrammes.  (Fig.  21,) 

Fig.  «l. 


becnetioii  of  bile  before  and  after  meronria  ohloride  (oom 


witfaoDt  bae.  a  ^  grain,  b  ^  gn^,  c  iV  snin,  d  ^  grain,  '  iV  Snuii> 
/  ^  gralD  mercniio  ohlonde  in  S  oo.  iratOT  injeeted  into  dnodeanni. 
(]  grain  given  in  all.) 

AuTOPST.  The  muoous  membrane  of  about  fourteen  inches 
of  the  upper  portion  of  the  small  intestine  was  much  congested. 
In  the  upper  part  of  the  daodenum  there  were  minute  batmor- 
rhagic  extravasations.  There  was  evidence  of  a  very  slight 
purgative  effect. 

The  increase  of  secretion  that  followed  the  fourth  doee  of 
mci-curic  chloride  was  so  slight,  that  on  the  whole,  the  result 


EXPEBntENTS  ON  THE  BIUABT  SECRETION  OF  THE  DOQ.    64>7 

muat  be  regarded  as  negative.  Considering  the  solubility  of 
mercuric  chloride  in  water, — and  the  striking  contrast  between 
it  and  calomel  in  this  respect, — it  is  not  at  all  probable  that 
the  negative  result  in  experiment  21  was  due  to  the  non- 
absorption  of  the  mercurial  salt  Probably  it  was  aimply 
owing  to  the  circumstance  that,  in  small — somewhat  weak 
dogs — such  as  that  employed  in  the  above  experiment,  the 
moat  certain  cholagogues  sometimes  fail  to  stimulate  the 
liver,  probably  because  of  the  depressing  effect  of  the  pre- 
liminary operation  adopted  in  these  experiments.  Whatever 
be  the  explanation  of  the  result  in  the  preceding  case,  we 
resolved  in  the  next,  to  add  some  bile  to  the  mercuric  chloride 
solution,  in  case  its  presence  might  facilitate  absorption,  or, 
at  any  rate,  in  order  that  the  conditions  encountered  in  the 
intestine  in  a  normal  case,  might  he  more  exactly  imitated. 

Experiment  22.     Dog  that  had  fasted  19  hours.     Weight 
162  kilogrammes.     (Fig.  22.) 

Fig.  as. 


Seoret'im  of  bfle  b«(oie  luid  iIUi  merourie  chloride  given  viUi  bile.  O.E  co.  bilo 
and  2.5  CO.  vater  injected  into  duodennm  at  b.  Ihe  Eauie  fluid  with 
^  gTftin  mercorie  ^iloride  injected  luto  dnodenttm  at  e  and  again  at  e* 
(1  gmin  given  in  all). 

Autopsy,     The  mucous  membrane  of  the  upper  ten  inches 
of  the  small  intestine  was  decidedly  reddened,  and  there  was 
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evidence  of  a  very  aligbt  purgative  actios  in  tbia  portiiMi  of  the 
iuteBtine. 

Experiment  23.     Dog  that  ha<l  fasted  19  hours.     Weight 
17.5  kilogniiTiniea.     (Fig,  23 ) 


Autopsy.  The  state  of  the  duodenum  and  ita  contents  was 
precisely  similar  to  that  descrihed  in  the  preceding  experimeDt. 

Experiments  22  and  23  prove  conclusively,  uid  in  a  very 
striking  manner,  that  mercuric  chloride  is  a  hepatic  stimutant ; 
and  that  it  is  a  powerful  one  ia  shown  by  the  fact  that  in  ex- 
periment 22  ^  grain  raised  the  bile-secretion  per  kilogramme  of 
body-weight  to  0.472  cc.  per  hour :  while  in  experimeat  23  it 
Tiused  the  secretion  to  0.557  cc.  per  kilogramme  :  per  hour. 

The  contrast  between  the  two  last  experiments  with 
mercuric  chloride  and  those  with  calomel  is  remarkable,  both 
as  regards  tlie  effect  on  the  Uver,  and  on  the  intettine;  for 
while  tlic  mci'curic  chloride  powerfully  excited  the  liver,  but 
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scarcely  alFected  the  intestinal  glauds,  notwithstaoding  its 
immediate  contact  with  the  latter,  the  calomel  did  not  stimu- 
late the  liver,  but  did  powerfully  excite  the  intestinal  glands. 

This  startling  result  so  clearly  establbhed  by  these  ex- 
peiimeuts  is  a  striking  proof  of  the  value  of  this  method  of 
investigation  as  an  auxiliary  to  clinical  observations  on  man. 

To  render  these  experiments  still  more  complete,  we  in  tlie 
next  two  cases  injected  into  the  duodenum  a  minute  dose 
of  mercuric  chloride  along  with  calomel  and  bile.  These  ex- 
periments are  valuable  in  showing  a  very  remarkable  stimu- 
lation .of  the  liver  that  followed  an  unusually  small  dose  of 
the  mercurial.  It  should  be  stated,  however,  that  when  wa 
planned  the  two  following  experiments  we  were  still  under  the 
influence  of  Uiahle's  untenable  idea  before  referred  to,  that 
mercuric  chloride  is  formed  from  calomel  by  the  action  of  the 
alkaline  chlorides  of  the  gastric  juice. 

Experiment  24.  Dog  that  had  fasted  17  hours.  Weight 
9.9  kilc^rammes.     (Fig.  21.) 

Fig.  24. 


8«e»tlan  of  bile  before  uid  after  merenrio  chloride  ftnd  oaIom«l  giieu  with 
bile.  0.5  cc.  bile  Kod  a  ea.  water  mjeoted  into  dcodeDmn  at  b.  ^  grain 
meiemio  chloride  and  1  grain  oalomel  in  the  WDie  fluid  injected  into 
dnodennm  at  m. 

AuTOPsr.     Slightly  increased  vascularity  of  mucous  mem- 
brane of  duodenum.     No  purgation. 
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In  the  above  experiment  the  bile-secretion  per  hour  rose 
to  0.72  cc  per  kilogramme  of  body-weight,  but  the  secretion 
was  so  high — 0.48  cc. — before  the  dnag  was  given,  that  it  was 
difficult  to  know  exactly  how  to  regard  the  very  high  figure 
first  mentioned.     Another  experiment  was  therefore  desirable. 


Experiment  22. 

Secretion 

of  bile  per 

kilogramme 

of  dog:  per 

hour. 


Secretion 

of  bile  per 

15". 


• 

00. 

0.60 

0.80 

b 

0.80 

0.95 

c 

0.80 
0.80 
0.70 
0.90 
0.85 
0.65 
0.65 
0.65 
0.80 
1.1 

1.45 
1.60 
2.10 
1.80 
1.95 
2.20 
1.70 


f 


0.171  cc. 


0.172  00. 


£iq>eriDMnt  2S.r 

Seoretfon 

of  bile  per 

kilogramme 

of  dog:  per 

hoar. 


Secretion 

of  bile  per 

15". 


00. 

0.85 

0.80 

0.80 

b 

1.05 

0.90 

0.80 

c 

0.95 
1.00 
1.10 
1.20 
1.30 

1.70 
1.70 
2.10 
2.15 
2.56 
2.15 
2.40 
2.35 
2.80 
2.20 
2.40 


0.202  00. 


557  ce. 


Experiment  24. 

Secretion 

of  bile  per 

kilogramme 

of  dog:  per 

hour. 


Secretion 

of  bile  per 

15". 


m 


00. 

1.2 
1.2 

1.1 
1.3 

1.4 

1.65 

1.5J 

1.65 

1.80 

1.75 

1.85 

1.75 

1.50 

1.35 

1.15 

1.15 


0.48  cc. 


[o.72 


CO. 


Experiment  25.  Dog  that  had  fasted  17  hours.  Weight 
18.4  kilogrammes.     (Fig.  2&.) 

Autopsy.  Considerable  irritation  of  the  raucous  membrane 
of  the  upper  fourth  of  small  intestine.  The  contents  of  this 
portion  of  the  canal  indicated  considerable  purgative  action. 

The  increase  of  bile-secretion  in  experiment  25  is  very 
remarkable,  not  only  for  its  absolute  extent,  but  also  because 
of  the  smallness  of  the  dose  that  occasioned  it.  The  amount 
of  bile  secreted  per  kilogramme  of  body-weight  rose  to  0.85  cc. 
per  hour  ;  a  very  large  secretion,  that  has  only  been  surpassed 
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in  the  remarkable  experiment  with  podophylline  detailed  in 

the  first  eeriea  (this  Journal,  Vol  X.  p.  266).    (See  also  Table  il. 

in  the  sequel.)  The  effect  of  so  small  a  dose  as  ^  grain  (^  mer- 

Vig.  2fi. 


Seoielion  of   bile  before  and  after  mercario  obloride  and  oalomel  Riven  irilli 
bile,    ^g  (train  mercuric  chloride  witli  1  grain  calomel  la  0.5  co.  biJe  anil 
I  2  ce.  water  iujecteJ  into  duodenum  at  nt,  m',  and  m",  respectively. 
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curie  chloride  in  the  last  experimeob  U  very  remarkable,  for 
the  animal  was  rather  larger  than  those  employed  in  experi- 
ments 22  and  23,  where  -j^  and  even  ^  grain  had  not  eo 
powerful  an  effect..  CoDsidering  the  result  of  experiment  20, 
it  is  not  in  the  least  likely  that  the  addition  of  one  grain  of 
calomel  to  the  dose  of  the  mercuric  chloride  had  anything 
to  do  with  the  difference  in  the  result.  We  can  only  suggest, 
by  way  of  explanation,  that  possibly  in  some  caaes,  the  lirer 
is  more  susceptible  to  a  mercurial  stimulus  than  it  is  in  otben. 
With  the  mercuric  chloride  we  had  given  bile  in  eveiy  case 
save  in  experiment  21,  and  that  was  the  only  instance  wher« 
the  result  was  n^^tive ;  we  therefore  thought  it  desirable  to 
perform  another  experiment,  with  mercuric  chloride  given 
without  bile. 

ExperimeTit  26.     Dog  that  had  fasted  17  boors.     Weight 
13-4  kilogrammes.     (Fig.  26.) 

FiR.  36. 


n  of  bile  before  and  kfter  meroDrio  obloride  giTen  vitbont  bile.     ^  gnin 
roiuio  chloride  in  6  co.  water  injeeted  into  dnodenam  kt  c,  e*  Mkd  «". 

(I  grain  giTen  in  all). 

Autopsy.  The  upper  fourth  of  the  small  intestine  con- 
tmned  a  considerable  quantity  of  somewb&t  dark  fluid,  looking 
as  if  bile  had  been  injected.  Possibly  some  bile  had,  in  this 
case,  escaped  from  the  bile-ducts  into  the  intestine  during  the 
performance  of  the  operation.  The  presence  or  absence  of  bile 
would  have  been   determined   by   testing  the   fluid   for  bile 
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pigment,  but  unhappily  a  portion  set  aside  for  that  purpose 
was  lost. 

This  experiment  therefore  is  inconclusive  as  regards  the 
point  at  issue,  viz.  whether  or  not  mercuric  chloride  is  absorbed 
from  the  intestine  without  the  presence  of  bile.  But  we  felt 
that  it  would  scarcely  be  justifiable  to  perform  yet  another 
experiment  to  settle  the  point;  for  it  is  to  the  last  degree 
improbable  that  bile  is  necessaiy,  and  probably  no  one  will 
feel  inclined  to  maintain  that  it  is. 


Secretion 
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16". 
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Experiment  26. 
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Result  of  Experiments  with  Mercuric  Chloride. — ^These  ex- 
periments conclusively  prove  that  mercuric  chloride  is  a  power- 
ful hepatic  stimulant  in  the  dog.  Probahly — ^now  that  attention 
is  specially  directed  to  the  subject — ^it  will  also  be  found  to 
stimulate  the  liver  of  man  ;  for  a  series  of  experiments,  carried 
out  by  the  Reporter  for  Hughes  Bennett's  Committee  (Briiidi 
Association  Reports,  1868,  p.  201),  showed  that  the  general 
effects  of  mercuric  chloride  on  the  dog  are  similar  to  those 
observed  in  man.  Doubtless  the  converse  will  be  found  to 
hold. 

In  the  series  of  experiments,  just  referred  to,  on  the  produc- 
tion of  mercurialism  in  the  dog,  the  mercuric  chloride  was 
always  injected  subcutaneouslyj  and  in  two  experiments  on  the 
action  of  this  substance  on  the  biliary  secretion,  performed  for 
that  committee,  the  drug  was  given  in  the  same  manner.  This 
mode  of  administering  a  substance  for  the  purpose  of  acting  on 
the  liver  was  faulty,  and  its  results  are  not  fairly  comparable 
with  those  of  the  ordinary  method,  where  the  substance  is 
placed  in  the  alimentary  cianal,  from  which  its  molecules  are 
absorbed  into  the  radicles  of  the  portal  vein,  and  so  pass  to  the 
liver  in  a  much  more  concentrated  stream  than  they  possibly 
can  when  the  substance  passes  first  into  the  general  and  then 
into  the  portal  circulation. 

With  regard  to  these  two  experiments  Hughes  Bennett 
stated  in  the  report*  "that  corrosive  sublimate  when  given" 
[mbctUaneously]  "in  small  doses,  gradually  increased  in  strength, 
does  not  augment  the  biliary  secretion,  but  that  it  diminishes 
it  the  moment  the  dose  reaches  a  strength  sufficient  to  deterio- 
rate the  general  health."  The  latter  part  of  the  statement  was 
warranted  by  the  results  of  both  experiments.  But  the  first 
part,  though  true  as  regards  one  of  the  experiments,  was  cer- 
tainly untrue  as  regards  the  other  ^  where  an  unequivocal 
increase  of  bile-secretion  took  place  when  the  dose  of  mercuric 
chloride  given  subcutaneously,  was  raised  firom  one-sixth  grain 
once  a  day  to  one-sixth  grain  twice  a  day*.  The  reporter  of  the 
experiments  on  that  occasion  overlooked  the  important  fiict 
here  stated,  and  deduced  the  above  general  conclusion  bom 

^  Lib.  cit.  p.  221.  *  Lib.  cit.  Table  nn.  p.  212. 

*  Loc,  ciU  June  9  and  10. 
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misleading  results,  arrived  at  by  taking  the  daily  average  quan- 
tity of  bile  secreted  during  too  prolonged  a  period. 

Results  of  Experiments  foUh  CalomeL — ^With  regard  to  calo- 
mel we  have  proved  the  following :  (1)  That  calomel  in  doses 
of  10  grains,  5  grains,  or  2  grains,  several  times  repeated,  when 
placed,  wUihout  bUe^  in  the  duodenum  of  a  fasting  dog,  produces 
a  purgative  effect,  varying  with  the  dose;  but,  so  fax  from 
increasing  the  secretion  of  the  bile,  only  diminishes  it ;  just  as 
happens  when  any  other  substance  that  is  not  a  hepatic  stimu- 
lant— e.g.  magnesium  sulphate — is  administered.  (2)  That 
when  calomel  is  mixed  with  bile,  and  then  introduced  into  the 
duodenum,  there  is  no  difference  in  the  result,  even  when,  as  in 
experiment  20,  the  calomel  is  given  in  1  grain  doses  several 
times  repeated,  and  the  chance  of  acting  on  the  liver,  previous 
to  supervention  of  the  depressing  effect  of  purgation,  thus 
allowed.  (3)  That  if  6  grains  of  calomel  be  subjected  at  100' 
Fah.  for  seventeen  hours  to  the  action  of  dilute  hydrochloric 
acid,  of  the  same  strength  as  that  of  the  human  gastric  juice, 
not  more  than  ^  grain  of  mercuric  chloride  is  produced. 

The  question  now  arises,  seeing  that  calomel  does  not 
usually  remain  in  the  human  stomach  for  more  than  a  night, 
probably  not  more  than  from  five  to  six  hours,  is  it  likely  that 
even  so  much  as  -^  grain  of  mercuric  chloride  is  produced  from 
the  ordinary  dose  of  6  grains,  and  if  it  is,  what  effect  may  it  be 
supposed  to  have  on  the  human  liver  ?  It  must  be  borne  in 
mind,  however,  that  we  are  here  on  dangerous  ground,  for  we 
are  inclining  to  reason  about  the  action  of  the  gastric  juice 
itself  from  experiments  on  the  action  of  dilute  hydrochloric 
acid,  and  a  solution  of  alkaline  chlorides.  Our  reasoning  may 
be  legitimate  enough,  but  it  would  clearly  be  much  more  con- 
clusive if  we  could  substitute  direct  experiment  for  mere  infer- 
ence.   We  are  in  a  position  to  do  this. 

As  regards  the  dog,  it  is  evident  that  the  only  link  wanting 
to  complete  our  chain  of  evidence  is,  that  we  should  place  the 
calomel  in  the  stom<ich  instead  of  the  diwdermm,  and  thus 
render  the  case  analogous  to  that  of  the  human  subject  as 
regards  the  administration  of  this  drug. 


mi        I 
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Experiment  27.  Into  the  stomach  of  a  curarized  dog,  that 
had  fasted  the  usaal  time,  we  injected  5  grains  of  calomel  in 
water.  The  injection  was  made  with  a  fine  syringe,  throtigh 
the  gastric  waU,  in  order  that  the  whole  of  it  might  certainly 
reach  the  interior  of  the  viscua  Injection  through  an  oeso- 
phagus tube  was  avoided,  because  a  substance  so  insoluble 
as  calomel  would  certainly  have  clung  to  the  interior  of  the 
tube,  and  would  thus  have  been  partly  lost. 

The  result  of  the  experiment  was  entirely  negative,  both  as 
regards  the  liver  and  the  intestinal  glands.  This  was  readfly 
explained  by  the  £act^  that  at  the  autopsy  the  calomel  was 
found  apparently  unchanged,  enveloped  in  the  mucus  of  the 
stomach.  The  saliva  of  the  dog  is  peculiar  in  containing  a 
very  large  quantity  of  mucin.  As  previously  stated  (this 
Journal,  VoL  xi.  p.  61),  the  accumulation  of  this  viscous  saliva 
in  the  stomach  during  fasting,  is  calculated  so  seriously  to  inter- 
fere with  absorption,  that  we,  on  this  account,  in  nearly  all 
these  experiments,  injected  the  various  drugs  directly  into  the 
duodenum. 

We  would  not  however  have  attempted  the  preceding  ex- 
periment had  we  at  the  moment  recollected  that  the  question 
at  issue  had  already  received  a  satisfactory  answer  from  the 
previous  experiments  of  Scott  (Beale's  Archives^  Vol.  i.),  and 
still  more  so  from  the  experiments  performed  by  Professor 
Qamgee  and  the  Beporter  for  Hughes  Bennett's  Committee. 
In  these  experiments  we  tied  the  common  bile-duct  in  the  dog, 
and  established  a  permanent  fistulous  opening  through  the 
fundus  of  the  gall-bladder.  When  the  wound  in  the  abdominal 
wall  had  healed  we  placed  a  cannula  in  the  fistula  and  col- 
lected— day  after  day — ^the  whole  bile  secreted.  In  order 
that  variations  in  the  secretion  might  not  be  occasioned  by 
variations  in  the  amount  of  food,  the  animals  were  as  far  as 
possible  placed  on  a  fixed  diet.  After  observing  the  amount 
of  fluid  bile  and  bile  solids  secreted  during  three  or  four  days, 
we  caused  the  animal  to  swallow  calomel  or  Piltda  Hydrargyria 
and  observed  the  amount  of  bile  secreted  thereafter.  As  the 
result  of  four  experiments  it  was  found  {British  Association 
Reports,  1868,  p.  214)  that 
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2  "  1.    PiL  Hydrargyria  given  in  doses  that  did  not  produce 

H        purgation,  caused  no  increase  of  the  biliary  secretiozh" 
J  '*2.     PiL  Hydrargyri,  given  in  doses  that  produced  pur* 

t         gation,  diminished  the  biliary  secretion/' 

'*  3.     Calomel,  given  in  doses  of  ^^  grain  from  six  to  fourteen 

i         times  a  day,  and  in  doses  of  two  grains  from  two  to  six  times  a 

day,  did  not  produce  purgation  or  increase  the  biliary  secretion." 

"  4.    Calomel,  g^ven  in  doses^  that  produced  purgation,  di* 

minished  the  biliary  secretion." 

In  the  experiments,  of  which  these  are  the  results,  the 
calomel  was  introduced  into  the  stomach,  and  the  animal  had 
its  usual  diet.  Every  opportunity  was  therefore  afforded  for  a 
transformation  of  Ike  calomel  into  mercuric  chloride — ^probably 
indeed  a  better  opportunity  than  is  afforded  in  the  human 
subject,  for  the  gastric  juice  of  the  dog  is — as  previously  stated 
p.  645 — more  acid  than  that  of  man,  and  yet  we  find  that  the 
action  of  the  calomel  when  placed  in  the  stomach  of  the  dog 
was  just  the  same  as  when  introduced  directly  into  the  duo* 
denum.  We  have  proved  that  -^  grain  corrosive  sublimate  with 
1  grain  of  calomel  when  placed  in  the  duodenum  (experiment 
25)  can  powerfully  stimulate  the  liver  of  the  dog,  but  we  find 
no  reason  for  entertaining  the  idea  that  the  amount  of  mercuric 
chloride  produced  by  the  gastric  juice  from  5  grains  of  calomel 
has  any  appreciable  effect  on  the  liver,  for  in  one  of  the  experi- 
ments for  Bennett's  Committee  the  amount  of  calomel  placed 
in  the  stomach  was  10  grains,  and  it  occasioned  no  increased 
secretion  of  bile.    (See  foot  note^  and  also  the  remarks  at  p.  646.) 

Bvtt  it  may  be  said,  although  these  facts  render  it  impos* 
sible  to  entertain  the  idea  that  the  action  of  calomel  is  due  to 
the  mercuric  chloride  produced  from  it  by  the  gastric  juice,  is 
it  not  possible  that  the  entire  absence  of  the  bile  from  the 
intestine  in  the  case  of  the  experiments  of  Bennett's  Com- 
mittee interfered  with  the  absorption  of  the  drug,  so  that  while 
it  excited  the  intestinal  glands  with  which  it  came  directly 
in  contact,  it  failed  to  excite  the  liver  because  it  could  not 
reach  it  ?    This  objection  cannot  be  entertained.     (1)   Because 

^  The  dose  of  calomel  was  10  grains  given  on  three  Bnocessiye  days.  On  the 
first  it  prodnoed  << slight"  and  on  the  two  other  days  *' decided"  purgation,  hat 
on  all  days  the  fluid  and  the  BoUd  bile  was  diminished. 

VOL.  XI.  44 
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experiments  19  and  20  of  the  present  series  prove  that  when 
calomel  mixed  with  bile  is  placed  in  the  duodenum,  it  does 
not  stimulate  the  liver.  (2)  In  the  experiments  of  Bennett  s 
Committee,  although  the  calomel  could  not  possibly  encounter 
bile  in  the  alimentary  canal,  a  part  of  it  rmist  have  been  ab- 
sorbed, because  when  given  in  small  doses,  frequently  re- 
peated, the  animal  speedily  lost  its  appetite  and  became  ex- 
tremely unwell,  although  the  doses  were  too  small  to  produce 
purgative  action. 

The  conclusion  is  inevitable,  that  while  corrosive  sublimate 
does — calomel  does  not — stimulate  the  liver  of  the  dog,  and  that 
when  calomel  is  placed  in  the  stomach  of  the  dog,  there  is — ^if 
the  dose  be  suflBcient — the  characteristic  action  on  the  intes- 
tinal glands,  but  no  excitement  of  the  liver.  There  is  therefore 
no  evidence  that  a  purgative  dose  of  calomel,  when  acted  on 
by  the  gastric  juice,  gives  rise  to  mercuric  chloride  sufficient  to 
exert  any  appreciable  effect  on  the  liver. 

Seeing  that  in  these  observations  we  have  submitted  to 
direct  experiment  on  the  liver  of  the  dog,  every  substance  that 
has  any  reputation  as  a  cholagogue  in  the  case  of  man,  and 
seeing  that  we  have  found  that,  with  the  exception  of  ammo- 
nium chloride  and  calomel,  they  all  increase  the  biliary  secre- 
tion in  the  dog,  it  appears  to  us  that  the  remarkable  barmpny 
between  the  vast  majority  of  our  results  and  those  of  clinical 
experience,  entitles  us  to  maintain  that  our  experiments  with 
calomel  are  not  to  be  set  aside  by  the  clinical  observer,  merely 
because  he  may  be  of  the  opinion  that  calomel  in  some  way  or 
other  increases  the  flow  of  the  bile  in  man.  There  has  been 
on  the  part  of  some  physicians^who  in  their  lamentable  igno- 
rance and  narrowmindedness  imagine  that  physiological  phar- 
macology studied  on  a  dog,  cannot  help  them  to  know  the 
iaction  of  a  drug  on  man — a  tendency  to  altogether  set  aside 
the  results  of  the  experiments  on  calomel  because  they  do  not 
harmonize  with  their  previously  entertained  opinions.  These 
physicians  appear  to  imagine  that  they  can  end  the  discussion 
by  simply  saying  "the  liver  of  a  dog  is  not  that  of  a  man.* 
That  truism  cannot  be  disputed,  and  we  are  perfectly  willing 
to  admit  that  it  is  possible  that  the  human  liver  may  be  more 
or  less  susceptible  than  the  liver  of  the  dog  to  the  influence 
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of  various  substances,  but  we  maintain  that  up  to  this  time 
there  is  really  no  discord  between  our  results  and  those  arrived 
at  by  observations  on  man. 

All  our  experiments  concern  the  secretion  and  not  the  eoh 
piUsion  of  bilci  For  the  purpose  of  arriving  at  definite  know- 
ledge, we  intentionally — ^in  the  manner  described  at  the  outset 
of  these  experiments — threw  out  of  action  the  bUe-expelling 
mechanism,  in  order  that  we  might  have  to  deal  with  the 
bile-secreting  apparatus  only.  We  do  not  profess  to  have  ascer^ 
tained  anything  regarding  the  action  of  any  drug  on  the  bile- 
expelling  mechanism. 

The  clinical  observer  has  supplied  most  valuable  informa- 
tion regarding  the  power  of  various  substances  to  increase  the 
amount  of  bile  in  the  dejectiona  He  observes  dejections  of  a 
clay-colour,  he  gives  five  grains  of  calomel,  and  further  ob- 
serves that  in  some  cases  the  dejections  thereafter  assume  their 
natural  appearance.  He  cannot  be  certain  of  the  manner  in 
which  this  result  is  brought  about.  For  anything  he  knows, 
it  may  be  occasioned  (1)  by  stimulation  of  the  hepatic  se- 
creting apparatus ;  or  (2)  by  stimulation  of  die  muscular  fibres 
of  the  gall-bladder  and  larger  bile-ducts — ^to  wit — the  bile- 
expelling  apparatus ;  or  (3)  by  removing  a  catarrhal  or  con- 
ge»ted  state  of  the  orifice  of  the  common  bile-duct,  or  of  the 
general  extent  of  the  larger  bile-ducts;  or  (4)  by  removing 
from  the  intestine  substances  which  had  been  passing  there- 
from into  the  portal  vein  and  depressing  the  action  of  the 
hepatic  cells ;  or  (5)  by  stimulating  the  intestinal  glands,  and 
thereby  producing  severe  drainage  of  the  portal  system,  whereby 
the  "loaded**  liver  might  possibly  be  relieved.  Yet  notwith- 
standing the  inability  of  the  clinical  observer  to  unravel  this 
complicated  web,  and  supply  us  with  any  definite  statement, 
he  has  felt  inclined  to  think  our  results  of  no  value*  merely 
because  we  prove  by  direct  experiment  that  calomel  does  not 
in  the  dog  stimulate  the  hepatic  secreting  apparainis. 

Seeing  that  calomel  stimulates  the  intestinal  glands  in  the 
dog  as  in  man ;  seeing  that  mercury  produces  salivation,  ulcer- 
ation of  gums  and  other  characteristic  phenomena  in  the  dog 

1  Vide  Dr  Moxon*B  Huntetian  Oration,  1877,  Medical  Press  and  Circular, 
March,  1877. 
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as  in  man,  the  obvious  inference  is  that  the  reputed  cholagogae 
action  of  calomel  in  the  human  subject  is  probably  not  owing 
to  stimulation  of  the  bile-secreting  apparatus.  And  why  should 
we,  in  the  face  of  our  experiments,  believe  the  opposite  until  the 
clinical  observer  substitutes — ^for  vague  conjecture — definite  proof 
of  that  opposite,  by  experimenting  in  a  case  of  biliaiy  fistula  in 
the  human  subject,  when  it  happens  that  no  bile  enters  the 
intestine. 

Our  experiments  therefore  suggest  that  the  cholagogue  action 
of  calomel  in  the  human  subject  is  to  be  sought  for,  not  in  any 
supposed  power  of  stimulating  the  bile-secreting  mechanism, 
but  in  some  one  or  more  of  the  last  four  modes  of  action  above 
suggested.  Calomel  undoubtedly  excites  the  intestinal  glands^, 
and  for  anything  we  know  there  may  be  something  peculiar 
in  the  nature  of  its  action  thereon.  For  anything  we  know,  it 
may  also  have  some  special  influence  on  the  mucous  glands 
and  mucous  membrane,  generally  of  the  laiger  bile-ducts, 
whereby  a  catarrhal  condition  of  these  ducts  may  be  relieved 
and  the  pent-up  bile  be  thus  permitted  to  escape.  There  is 
evidently  still  abundant  room  for  conjecture,  but  our  experi* 
ments  plainly  narrow  its  range,  and  thus  contribute  to  the 
attainment  of  definite  knowledge. 


COMPABAUVE  results  of  the  PRECEDIXa  EXPEBIHENTS. 

Although  a  fourth  series  of  experiments  will  be  published, 
it  is  inexpedient  longer  to  delay  a  comparative  analysis  of  the 
preceding  experiments,  for  in  them  nearly  every  substance 
supposed  to  be  a  cholagogue  has  been  investigated.  It  does 
not  however  appear  necessary  to  give  a  tabular  analysis  of 
experiments  with  those  substances  which  have  been  ascertained 
to  have  no  notable  cholagogue  action. 
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Tabli  IL 

Secretion  of  bile 

SabRtanoe  giyeiu 

per  kilogramme 

.1 

of  body  weight: 

' 

per  hour. 

'1 

Grains 
per  kilo- 
gramme 

* 

1 

Name. 

Total  dose  in 

pq 

of  body 
weight. 

Before 

After 

ec. 

00. 

1 

Normal  Seorefcion  of  bile  during  the  inflnenoe  of  j| 

0.85 
0.25 
0.15 

2 

Bmall  dosee  of  Carara. 

] 

8 

Podopbylline 

6  without  bile 

0.9 

ao4 

0.47 

11 

II 

4  with  bile 

0.28 

0.52 

1.01 

13 

Aloes 

60  without  bUe 

6.9 

0.84 

0.69 

14 

99 

60        „        „ 

12.0 

0.26 

0.98 

16 

Rhnbarb 

68        II        II 

8.06 

0.17 

0.82 

— 

Senna 

185      II        II 

5.8 

0.21 

0.28 

22 

Golohionm 

60        1,        II 

2.5 

0.18 

0.45 

1 

Eaonymin 

5withbfle 

0.21 

0.07 

0.46 

2 

II 

5 

0.26 

0.25 

0.47 

8 

Sangninarin 

1 

0.05 

0.12 

a40 

4 

•9 

» 

0.11 

0.16 

0.30 

5 

Iridin 

6 

0.22 

0.22 

0.53 

6 

11 

5 

0.92 

0.16 

0.63 

8 

Leirtandiia 

18       ,1 

1.4 

0.08 

0.31 

10 

Ipeoaoaan 

60       1. 

2.2 

0.24 

0.55 

11 

19 

8 

0.49 

0.18 

0.88 

13 

Goloeynih 

u      „ 

0.58 

0.29 

0.45 

14 

99 

7 

0.4 

0.16 

0.27 

15 

Jalap 

.30        I, 

1.2 

0.16 

0.29 

2 

Sodium  Snlpbate 

506      1, 

82.8 

0.25 

0.38 

7 

Potassimn  Sulphate 
Sodlom  Phosphate 

282  without  bUe 

10.7 

0.81 

0.47 

8 

201      „ 

7.4 

0.27 

0.44 

10 

Sodio  and  Potassio  Tar- 
trate (Boohelle  Salt) 
Dilate  Nitro-hydroohlo- 

463  with  bile 

87.0 

0.28 

0.33 

18 

36.4  without  bile 

2.0 

0.11 

0.39 

rioadd 

22 

Meronrio  chloride 

i  with  bile 

0.0077 

0.17 

0.47 

23 

99 

i 

0.0071 

0.20 

0.55 

24 

HgCl 

1 

0.005 
0.101 

0.48 

a72 

25 

• 

HgCJl, 
HgCl 

*                  19 

0.0027 
0.054 

0.22 

0.85 

Remarks  on  Table  IL — ^The  high  secretion  of  0.35  oc  per 
kilogramme  of  body-weight  per  hour  in  Experiment  L  1, 
was  unusual,  seeing  that  no  cholagogue  had  been  administered. 
The  two  following  experiments  give  results  that  much  more 
closely  represent  the  normal  secretion  in  a  fasting  curarised 
dog. 
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The  doses  of  podophylline,  aloes  and  colchicum  are  exces- 
sive^ owing  to  the  erroneous  impression  produced  on  our  minds 
by  Rohrig^s  research,  that  the  dog  requires  veiy  large  dosea 
In  the  other  experiments  quoted  in  the  Table,  the  doses  were 
in  most  instances  similar  to  those  employed  for  a  man. 

The  Table  cannot  furnish  any  precise  indication  of  the  rela- 
tive powers  of  these  cholagogues  in  the  human  subject,  never- 
theless it  is  of  much  value  in  showing  approxtmately  their 
relative  powers  as  regards  the  liver  of  the  dog.  Speaking 
broadly — ^if  in  a  fasting  dog,  the  bile-secretion  per  hour,  for 
every  kilogramme  of  body-weight,  rise  to  0*4  cc,  the  chola- 
gogue  may  be  regarded  as  a  powerful  one. 


{To  be  continued,) 


ERRATA  IN  THE  SECOND  SERIES  OF  EXPERIMENTS. 

This  Vol.  p.  65.    line  12  from  top  of  page.    For  "  boUlng  water  *'  read  biU  emd 

water, 
„      „      81.    liiiie  9  from  top  of  page.    After  the  words  **  into  the  duode- 
num at*'  insert,  b.  Tlie  same  mth  7  grains  eolocpUh  puSp 
injected  at  c. 
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DESCRIPTION  OP  A  SULU  SKULL,  AND  SUGGES- 
TIONS  FOR  CONDUCTING  CRANIOLOGICAL  RE- 
SEARCHES.    By  Professor  Cleland,  Oalway. 

The  skull  about  to  be  described  was  presented  to  me  by 
Professor  R.  O.  Cunninghain  of  Belfast,  who  received  it  from 
Navigating  Lieutenant  Dixon ;  and  it  was  taken  with  some 
other  skulls  by  Lieutenant  Dixon  from  a  burial-place  in  Sulu. 
It  may  be  considered  as  a  well-authenticated  skull  of  a  Sulu 
Islander.  I  regret  that  I  have  not  in  my  possession  more  than 
one  specimen,  as  no  one  can  be  more  fully  conscious  than  I  am 
of  the  importance  of  distinguishing  individual  peculiarities  from 
those  characteristic  of  races.  Yet  this  one  specimen  has,  I  con- 
sider, a  sufficient  number  of  points  of  interest  to  justify  its 
being  described. 

It  is  obviously  the  skull  of  a  male  past  the  prime  of  life. 
The  lines  of  suture  are  all  distinct  with  the  exception  of  those 
on  the  palate ;  but  anchylosis  has  taken  place  in  all  those  which 
are  exposed  to  much  pressure  from  the  jaws,  namely,  those  of 
the  malar  bone,  the  fronto-maxillary,  the  pterygo-palatine, 
spheno-parietal,  coronal,  and  fronto-^phenoidal ;  while  the  pe- 
trous, squamous,  and  lambdoidal  remain  open.  It  has  under- 
gone little  gravitation  change  in  the  vault,  and  the  dentition 
has  been  perfect,  although  the  incisors  have  dropped  out  after 
death.  But  there  are  some  features  of  age ;  the  occipital  con- 
dyles being  small  and  flattened,  and  little  facets  present  at  the 
back  of  the  foramen  magnum  where  the  skull  has  rested  on  the 
arch  of  the  atlas. 

It  is  a  heavy  skull  for  its  size,  weighing  29  ounces,  while  a 
massive  elderly  Irish  skull  in  my  possession  weighs  only  24 
ounces.  This  heaviness  depends  on  great  denseness  of  compact 
tissue  in  the  thick  roof-bones ;  while,  as  is  often  the  case  in  old 
skulls,  other  parts  are  extremely  thin ;  the  pars  squamosa,  the 
great  wing  of  the  sphenoid,  and  the  frontal  in  front  and  behind 
the  external  angular  process  being  all  translucent  when  held 
against  the  light.  The  frontal  sinus  is  quite  rudimentary,  al- 
though the  sphenoidal  sinuses  are  large,  and  the  crista  galli  of 
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the  ethmoid  is  hollowed  by  a  small  sinus  oommtmicatixig  with 
the  middle  ethmoid  cells. 

Examining  the  exterior,  one  is  struck  by  a  distinct  mesial 
prominence  of  the  frontal  bone,  amounting  to  carination,  which, 
however,  is  smoothed  away  in  the  parietal  region,  leaving^  th^ne 
a  mere  moderate  inclination  to  that  roof-shape  or  ill-filled  ap- 
pearance  produced  in  many  savage  skulls  by  flattening  above 
and  below  the  temporal  ridges.  The  position  of  the  plaoe  of 
greatest  breadth  is  similar  to  that  which  I  have  found  it  to 
occupy  in  well-filled  skulls,  namely,  at  the  point  where  the 
squamous  suture  turns  downwards,  whereas,  in  ill-filled  or  roof- 
shaped  skulls,  it  is  much  further  up  on  the  parietal  bone.  Hie 
amount  of  the  greatest  breadth  is  5*3  inches,  while  the  greatest 
breadth  in  the  course  of  the  coronal  suture  is  the  most  unusu- 
ally small  amount  of  4  inches,  a  circumstance  which  is  another 
indication  of  the  preponderance  of  parietal  over  frontal  de- 
velopment. 

The  greatest  breadth  between  the  zygomatic  ardies  is 
6  inches,  an  amount  very  distinctly  smaller  than  the  extreme 
breadth  of  the  cranium;  and  in  this  respect  this  skull  resembles 
a  Sandwich  Islander's  which  I  examined  when  preparing  my 
memoir  on  the  varieties  of  the  human  skull,  and  difiers  firom 
the  generality  of  savage  skulls,  which  have  the  zygomatic 
breadth  either  equal  to  or  exceeding  the  greatest  breadth  of 
cranium. 

The  sockets  of  the  incisor  teeth,  interfered  with  on  one 
side  by  an  alveolar  abscess,  are  on  the  other  side  seen  to  be 
set  orthognathously.  No  lower  jaw  has  been  sent,  by  which  to 
judge  the  relative  directions  of  the  upper  and  lower  incisors; 
but  in  the  upper  jaw  there  is  no  indication  of  prognathous  den- 
tition. I  use  the  expression  prognathotis  dentition  on  purpose, 
as  it  is  important  that  the  old  use  of  the  word  prognathous, 
involving,  as  I  showed,  a  vague  and  inaccurate  reference  to  a 
variety  of  matters  other  than  the  position  of  the  teeth,  should 
be  avoided.  But  prognathous  dentition  is  an  expression  capa- 
ble of  the  most  rigid  accuracy,  meaning  the  meeting  of  the 
upper  and  lower  incisors  at  a  distinct  angle  projecting  forwards, 
and  dependent,  in  its  full  development,  on  the  projection  of  the 
alveolar  processes  of  both  jaws  forwards. 
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^  On  the  cranium  there  is  a  distinctly  marked  'double  tem- 

poral ridge,  to  which  I  may  call  attention  more  particularly 
^       than  I  should  otherwise  do  to  a  circumstance  of  no  national 
&        importance,  because  it  is  only  within  recent  years  that  the 
1       existence  of  an  upper  and  a  lower  ridge  has  been  described.    I 
I'       am  mdebted  to  Professor  Turner  for  bringing  under  my  notice 
:        on  this  subject  the  memoir  of  Hyrtl^  who  was  the  first  to  show 
I        that  there  were  two  ridges,  and  a  paper  by  Jhering*.    That 
k       /{^hich  is  ordinarily  described  as  a  single  ridge  really  consists 
t        of  two,  and  sometimes  only  one  of  these  is  developed,  which 
f        may  be  either  the  upper  or  the  lower;  but  the  ordinary  de- 
scription corresponds  most  nearly  with  the  lower  of  the  two, 
and  the  upper  one  in  part  of  its  course  may  frequently  be 
confounded  with  the  lower,  while  it  seems  at  its  back  part  to 
have  escaped  notice  altogether.     The  lower  temporal  ridge 
starts  from  the  external  angular  process  of  the  frontal,  and 
marks  on  the  parietal  the  upper  limit  of  a  surface  of  variable 
and  often  considerable  breadth  roughened  in  connexion  with 
the  origin  of  the  temporal  muscle;  it  reaches  the  temporal 
bone  at  the  back  of  the  squamous  suture,  and  may  be  traced 
thence  to  the  upper  border  of  the  zygoma.     The  upper  ridge 
extends  from  the  same  starting-point  in  front,  and  passes  about 
half  an  inch  above  the  other,  and  fully  an  inch  behind  it, 
reaching  to  near  the  posterior  border  of  the  parietal,  and  is 
continued  downwards  and  forwards  to  the  line  of  separation  of 
the  rough  from  the  smooth  part  of  the  mastoid  process.     It  is 
this  upper  ridge  which,  in  the  skull  now  described,  reaches  at 
its  back  part  a  striking    degree   of  prominence,   creating  a 
marked  depression  on  the  lower  part  of  the  parietal  bone.     In 
the  upper  part  this  upper  ridge,  which  in  many  skulls  distinctly 
marks  the  limit  of  attachment  of  temporal  fascia,  is  represented 
in  the  skull  before  me  by  a  mere  line  and  a  change  in  the  di- 
rection of  the  Haversian  orifices,  which  outside  its  circuit  are 
closely  set  and  enter  perpendicularly,  while  within  the  circuit 
they  are  few  and  slanting.    The  external  pterygoid  plate  is 

1  HyrtI,  liber  die  doppelten  Schiafelinien  der  Mensohensohadel ;  Denkschr. 
der  KaiterL  Akad.  d,  WUsenscliaften,  Wien,  1871. 

'  H.  v.  Jheriug,  Schlafenlimen  des  mensoh.  Schadels;  Arch,  v.  Reichert 
und  du  BoU'Reymond,  1875. 
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prolonged  backwards,  so  far  as  to  give  it  a  breadth  of  three 
quarters  of  an  inch  at  its  broad  part ;  and  it  seems  possible; 
considering  that  the  Sulu  Islanders  are  grain  feeders,  that  the 
external  pterygoid  muscles  were  largely  developed,  and  that  the 
depression  between  the  two  temporal  ridges  behind  denotes  a 
large  development  of  the  posterior  fibres  of  the  temporal  musde 
antagonistic  to  the  external  pterygoid. 

Proceeding  now  to  the  mesial  characteristics  of  the  cranium^ 
I  shall  adopt,  for  the  sake  of  comparison,  exactly  the  same 
points  of  measurement  as  were  made  use  of  in  my  memoir 
already  alluded  to^;  but  shall  afterwards  offer  a  few  remarks 
on  the  modifications  which  might  be  conveniently  introdaced  in 
future  investigations. 

The  base  line  from  the  back  of  the  foramen  magnum  to  the 
fronto-nasal  suture  measures  5*4  inches,  which  is  a  length  such 
as  is  often  found  even  in  civilized  nations,  but  greater  than  the 
average  in  any  civilized  nation;  and  neither  the  antero-posterior 
length  of  the  orbit,  nor  the  distance  from  foramen  magnum  to 
the  optic  foramina^  is  in  any  degree  excessive.    The  arch  is 
smoothly  curved,  and  measures  14*55,  the  length  being  equally 
distributed  between  the  frontal,  parietal,  and  occipital  bones. 
A  comparison  of  the  length  of  the  occipital,  parietal,  and  firontal 
regions  respectively  with  chords  uniting  the  extremities  of  each 
of  these  regions  of  the  arch,  shows  that  the  frontal  is  slightly 
more  curved  than  the  parietal,  and  the  occipital  more  curved 
than  either;  a  character  belonging  to  dolichocephalic  forms. 

The  length  from  the  fronto-nasal  suture  to  the  occipital  pro- 
bole  is  7  inches,  and  the  breadth  being,  as  already  mentioned, 
only  5*3,  the  percentage  proportion  of  breadth  to  length,  or 
what  has  been  unadvisedly  termed  the  cephalic  index,  is  75. 
But  when  we  come  to  take  the  element  of  height  into  considera- 
tion, we  find  an  obvious  connexion  with  the  brachyoephalic 
type.  The  height  from  the  front  of  the  foramen  magnum  is 
5*3 ;  which  gives  a  percentage  proportion  of  height  to  length 
approaching  to  76,  a  proportion  which  lies  intermediate  between 
those  of  skulls  distinguished  as  high  and  low  in  my  formerly 
published  measurements.    Then,  when  we  look  at  the  radial 

I  "  Inquiry  into  the  Yariations  of  the  Human  Sknll,"  PhUotophieal  Tram- 
actum,  1869. 
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measiuemeiits  taken  from  the  post-auricular  depression,  we  get 
a  result  associating  this  skull  altogether  with  the  brachjcephalic 
skulls ;  for  on  comparing  the  radii  with  those  published  in  my 
memoir,  they  are  seen  to  have  a  comparative  length  peculiar 
to  the  brachycepbalic  form.  In  that  memoir  it  was  shown 
that  four  varieties  of  skull-form  might  be  distinguished  by 
means  of  those  radial  measurements,  first  recommended  by 
Mr  Busk :  the  first  group  having  the  radii  both  in  front  and 
behind  the  mid-parietal  point  diminishing  rapidly,  and  consti- 
tuting the  thoroughly  brachycepbalic  type ;  the  second  with 
long  radii  both  in  front  and  behind  the  mid-parietal  raJius, 
the  thoroughly  dolichocephalic  type ;  the  third  with  the  radii 
behind  long,  and  those  in  front  short ;  and  the  fourth  with  the 
radii  in  front  long  and  those  behind  short.  The  two  latter 
groups  require  a  great  amount  of  further  investigation :  in  my 


668  PROFESSOR  CLELAND* 

memoir  I  did  not  pretend,  with  the  few  skulls  which  I  had  for 
examination,  to  determine  each  national  form,  but  only  to  dis- 
cover the  rules  to  he  followed  in  making  such  a  determinatioa 
Therefore,  while  I  now  refer  to  the  four  groups  which  I  formerlj 
suggested,  I  should  be  sorry  to  be  supposed  to  have  any  fixed 
views  as  to  the  nationalities  which  should  be  classed  in  each. 
But,  undoubtedly,  in  this  Sulu  skull,  the  radial  measarements, 
both  in  front  and  behind  the  mid-parietal  point,  shorten  after 
the  fashion  of  skulls  thoroughly  brachycephalic.  It  may  be 
asked,  since  this  is  the  case,  how  is  it  that  the  proportion  of 
height  to  length  is  not  more  characteristically  brachycephalous? 
And  the  answer  is,  that  the  auditory  meatus  lies  low;  its  lower 
border  being  only  about  a  tenth  of  an  inch  higher  than  the 
front  of  the  foramen  magnum.  Altogether,  I  am  inclined  to 
think  that,  although  the  arch  of  the  skull  has  undergone  little 
or  no  gravitation  change,  the  basilar  process  has  been  pressed 
upwards,  thus  decreasing  the  height  measured  from  the  front 
of  the  foramen  magnum. 

So  far  as  I  may  be  permitted  to  form  an  opinion  firom  a 
single  specimen,  I  should  say  that  the  Sulu  skull  belongs  to 
the  group  of  short  and  high  skulls  not  remarkable  for  breadth, 
the  group  hrackycephali  angustiores  which  I  formerly  sug- 
gested, and  to  which  I  refer  the  Hindoo,  the  Kanaka^  and  the 
New  Zealanden  It  forms  a  link  between  that  group  and  the 
Chinese  skull,  with  which  it  seems  associated  by  the  character 
of  the  curve  of  the  arch  and  the  shape  of  the  forehead.  It  is  to 
be  remembered,  however,  that  these  remarks  are  mere  sug- 
gestions founded  on  examination  of  a  single  skull. 

So  much  for  the  characters  of  this  one  skulL  But  I  cer> 
tainly  should  not  think  of  recording  at  such  length  the  cha- 
racters of  a  single  skull,  had  I  not  reason  to  believe  in  the 
importance  of  cranial  differences  in  distinguishing  nationalities. 
I  am  aware  that  some  observers  have  come  to  the  conclusion 
that  cranial  distinctions  are  so  inconstaDt  as  to  be  quite  un- 
trustworthy, and  indeed  such  a  conclusion  is  not  to  be  wondered 
at,  when  the  slovenly  way  in  which  skulls  are  compared  is 
taken  into  consideration  ;  but  I  cling  to  the  belief  that  in  every 
nationality  there  are  numerous  cranial  characteristics;  and  that 
while  in  any  one  skull  it  may  happen  that  one  or  more  of  these 
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are  absent,  the  combined  presence  of  the  others  would  be  suf- 
ficient, did  we  study  them  closely,  to  distinguish  in  most  in- 
stances the  nationality. 

When  one  considers  what  large  collections  of  crania  have 
been  made,  and  the  necessity  of  gathering  detailed  information 
from  large  numbers  of  specimens  in  order  to  reach  safe  general 
conclusions,  it  is  provoking  to  think  how  meagre  the  descrip- 
tions of  specimens  in  large  collections  are.  I  admit  that  the 
method  which  I  pursued  in  inquiring  into  the  general  laws  of 
the  variations  of  skulls  is  too  tedious  to  be  applicable  to  the 
description  of  very  large  numbers ;  but  there  is  no  conceivable 
reason  why  Mr  Busk's  suggestion  of  radial  measurements  should 
not  be  carried  out  in  every  specimen  in  every  large  collection; 
nor  is  there  any  reason  why  the  more  important  step  should 
not  be  taken  of  bisecting  every  skuU  and  obtaining  a  tracing 
of  it  with  lithographic  chalk,  measuring  the  length  of  the  base- 
line and  its  different  parts,  also  the  length  and  chord  of  each 
division  of  the  arch,  and  estimating  the  more  important  angles. 
Such  a  process  would  not  be  tedious;  and  careful  section,  in- 
stead of  diminishing,  would  add  to  the  value  of  the  specimens. 

The  principal  difficulty  in  measuring  skulls  is  met  with  in 
the  basal  region;  but  this  region  is  so  important  that  measure- 
ments in  which  it  is  left  out  of  consideration  are  very  incom* 
plete;  on  this  account  bisection  of  the  skull  is  advisable,  as  it 
furnishes  a  ready  means  of  subjecting  the  base  to  as  careful 
measurement  as  the  roof. 

The  best  plan  of  measuring  a  large  collection  would  be  to 
proceed  as  follows: — 

Ist.  Note  any  peculiarities  of  outline,  local  or  general,  that 
meet  the  eye.  Under  this  head  would  fall  to  be  noted  in  the 
skull  just  described,  the  carination  of  the  forehead,  and  the 
character  of  the  temporal  ridge.  It  should  be  noted  if  the 
transverse  curve  of*  the  vault  is  regular  or  roof-like,  indicating 
a  well-  or  ill-filled  condition  with  a  given  superficies  of  bone. 
Also  any  marked  asymmetry  or  local  increase  or  diminution  of 
thickness  of  wall  would  fall  to  be  noted  under  this  head. 

2nd.  The  cranial  capacity  may  be  taken.  I  mention  this 
because  it  is  a  customary  observation,  and  one  without  which 
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a  list  of  measurements  would  be  incomplete ;  but  I  do  not  pre- 
tend to  think  that  it  is  of  great  importance, 

3rd,    Measure  the  greatest  breadth,  noting  its  position  with 
reference  to  the  temporo-parietal  suture;   measure   also   the 
greatest  breadth  in  the  course  of  the  coronal  suture,  and  the 
breadth  between  the  zygomatic  arches.     The  position   of  the 
point  of  greatest  breadth  is  highly  important,  because  in  well- 
filled  skulls  it  is  close  to  the  squamous  suture  in  the  part  of 
its  course  where  it  turns  downwards  behind;  only  in  very  ill- 
filled  skulls  does  it  rise  high  on  the  parietal  bone;  while  in 
the  lowest  forms  of  skull  it  may  descend  to  the  mastoid  pro- 
cess.    The   coronal   breadth   is   useful  as  indicating  in    some 
measure  the  breadth  of  the  forehead.     The  zygomatic  breadth 
ought  on  no  account  to  be  overlooked.    In  civilized  races  it  is 
narrower  than  the  greatest  breadth  of  the  brain-case^  and  in 
women  it  is  often  scarcely  greater  than  ihe  coronal  breadth ; 
but  in  savage  races  it  is  often  greater  than  the  breadth  of  the 
brain-case,  indicating  a  large  development  of  the  muscles  of 
mastication. 

4th.     Measure  the  arch  from  the  back  of  the  foramen  mag- 
num to  the  fronto-nasal  suture,  noting  the  extent  of  its  occipital, 
parietal,  and  frontal  parts.     This,  however,  can  be  done  after- 
wards from  the  tracing  of  the  mesial  section.    Some  writers 
recommend  that  the  foramen  magnum  should  be  considered  as 
part  of  the  arch  rather  than  as  belonging  to  the  base;  and, 
looking  at  the  matter  theoretically,  it  is  easy  to  justify  that 
procedure:  but  the  foramen  magnum  comports  itself  in  the 
human  subject  as  part  of  the  base ;  and  it  is  necessary  so  to 
consider  it,  on  account  of  its  angular  relations  to  the  other 
parts  of  the  base. 

5th.  Take  a  series  of  radial  measurements.  These  I  have 
been  in  the  habit  of  taking  from  the  post-auricular  depression, 
because  it  is  a  definite  anatomical  point,  and,  as  such,  furnished 
me  with  a  zero  point  and  point  of  suspension  in  making  mea- 
surements with  my  craniometer.  It  must  be  admitted,  how- 
ever, that  the  centre  of  the  auditory  meatus,  as  recommended 
by  Mr  Busk,  has  the  advantage,  that  it  permits  similar  mea- 
surements to  be  made  on  the  living  subject. 
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Having  made  all  these  investigations,  the  next  step  is  an 
all-important  one>  which  ought  on  no  account  to  be  omitted. 

6th.  Bisect  the  skuU,  and  take  an  accurate  tracing  of  the 
section  by  fastening  a  sheet  of  paper  securely  over  it,  and  rub- 
bing with  the  heel-ball  used  by  shoemakers,  or  with  the  similar 
substance  employed  for  lithographic  drawing.  Draw  lines  be- 
tween definite  points  on  the  tracing,  and  measure  the  more 
important  distances  and  angles.  Among  the  more  important 
are  the  length  from  the  occipital  probole  to  the  fronto-nasal 
suture,  and  the  greatest  height  from  the  front  of  the  foramen 
magnum.  But  instead  of  using,  as  I  have  hitherto  done,  the 
foramen  opticum  as  a  point  for  measuring  from;  it  will  be  found 
in  any  future  investigation,  of  an  extended  description,  more 
convenient  and  advantageous  to  take  the  posterior  edge  of  the 
anterior  cranial  fossa  in  front  of  the  olivary  process  of  the 
sphenoid.  A  line  drawn  from  this  to  the  front  of  the  foramen 
magnum  will  nearly  correspond  with  what  I  have  called  the 
foramino-optic  line,  and  might  be  called  the  middle  base; 
while  another  carried  forwards  to  the  fronto-nasal  suture  would 
take  the  place  of  what  I  have  termed  the  orbital  length,  and 
might  more  properly  be  called  the  frontal  base.  These  lines 
have  a  great  value  in  race  distinctions,  and  ought  therefore 
not  to  be  omitted  :  also,  the  angular  relations  of  the  three  por- 
tions of  the  base  are  important  as  distinguishing  the  horizontal 
and  steep  varieties  of  base,  a  remarkable  source  of  sexual  and 
individual  differences  of  appearance. 

It  will  be  well  also  to  draw  a  line  along  the  cerebral  border 
of  the  union  of  the  orbital  wings  of  the  sphenoid,  and  to  mea- 
sure the  angle  between  the  line  so  drawn  and  the  frontal  base. 
By  this  means  an  indication  will  be  obtained  of  a  peculiarity 
pertaining  specially  to  certain  uncivilized  races,  in  which  the 
orbital  wings  are  depressed  in  front,  while  the  ethmoid  curves 
upwards  as  it  passes  forwards.  It  is  a  peculiarity  to  which  I 
called  attention  in  Australian  skulls  in  consequence  of  some 
observations  of  Landzehrt;  and  it  occurs  in  the  Sulu  skull 
before,  me. 

In  every  skull  examined,  the  angles  of  the  three  great  por- 
tions of  the  base  one  with  another  should  be  measured ;  also 
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the  orbito-frontal  and  orbito-nasal  angles:  but  the  ang^Ies  ob- 
tainable by  drawing  lines  from  point  to  point  of  the  arch  abo 
afford  valuable  information. 

By  means  of  any  two  or  more  radial  measurements,  it  is 
obviously  easy  to  obtain  the  position  of  the  post-auricular  de- 
pression or  central  point  of  the  auditory  meatus,  whichever 
has  been  chosen  as  the  starting-point  of  the  radii;  and  this 
ought  to  be  marked  on  the  tracing,  as  it  is  useful  to  know  the 
relative  positions  of  the  external  ear  and  the  front  of  the  fora- 
men magnum. 

None  but  adult  male  skulls  ought  to  be  used  in  investi- 
gating race  peculiarities.  Feminine  sex  is  a  disturbing  ele- 
ment: it  is  always  accompanied  with  arrest  of  development, 
and  this  arrest  is  of  a  variable  character  in  different  instances. 
Skulls  in  which  there  are  evident  gravitation  changes  should 
also  be  rejected,  or  the  existence  of  those  changes  should  be 
kept  in  mind  in  considering  the  measurements  obtained. 

An  investigation  pursued  in  this  manner  may  seem  trouble- 
some ;  but  I  press  it  earnestly  on  the  attention  of  the  few  men 
who  have  large  collections  at  their  disposal,  being  assured,  firom 
the  results  obtained  with  my  own  imperfect  opportunities,  that 
the  trouble  will  be  amply  rewarded  by  obtaining  national  dis- 
tinctions of  a  most  exact  dascription. 


Measurements  of  Sidu  Skuttj  according  to  the  plan  now 

recomtnended* 

Capacity,  85f  cubic  inches* 

Breadths:  greatest  breadth  5.3,  situated  on  the  squamous 
suture  1.9  upwards  and  a  little  backwards  from  it;  coronal 
breadth  4;  zygomatic  breadth  5. 

Arch :  occipital  4.7,  parietal  5,  frontal  4.85,  total  14.55. 

Base  line  5.4. 

Proportion  of  arch  to  base  line  2.69. 

Length  from  occipital  probole  to  fronto-nasal  suture  7, 

Height  5.3. 

Proportion  of  height  to  length  75. 
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Proportion  of  breadth  to  length  (so-called  cephalic  index)  75. 

Badii  from  centre  of  meatus :  mid-occipital  3.8 ;  mid-parie- 
tal 5.1 ;  mid-frontal  4.7 ;  proportion  of  mid-occipital  and  mid- 
frontal  respectively  to  mid-parietal  78  and  92  p.c. 

Portions  of  base :  foramen  magnum  2.25 ;  middle  base  (as 
recommended  for  future  measurements)  2.05 ;  frontal  base  2.35. 

Chords :  occipital  3.8 ;  parietal  4.6 ;  frontal  4.4. 

Angles:  between  foramen  magnum  and  middle  base  146^; 
between  middle  and  frontal  base  146^;  between  presphenoid 
level  and  frontal  base  32^ ;  orbito-frontal  angle  84^  (old  system 
88"^ ;  orbito-nasal  86  (old  system  82) ;  mid-parietal  angle  132^. 
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By  F.  M.  Balfour,  M.A.,  Fellow  of  Trinity  College^  Cam- 
bridge.    (Plates  xxrv.  and  xxv.) 

(Continued  from  p.  490.) 

The  present  Chapter  completes  the  history  of  the  primitive 
alimentary  canal,  whose  formation  has  already  been  described. 
In  order  to  economise  space,  no  attempt  has  been  made  to  give 
a  full  account  of  the  alimentary  canal  and  its  appendages,  but 
only  those  points  have  been  dealt  with  which  present  any 
features  of  special  interest. 

The  development  of  the  following  organs  is  described  in 
order. 

(1)  The  solid  oesophagus. 

(2)  The  postanal  section  of  the  alimentary  tract 

(3)  The  cloaca  and  anus. 

(4)  The  thyroid  body. 

(5)  The  pancreas. 

(6)  The  liver. 

(7)  The  subnotochordal  rod. 

The  solid  oesophague. 

A  curious  point  which  has  turned  up  in  the  course  of  my 
investigations  is  the  fact  that  for  a  considerable  period  of 
embryonic  life  a  part  of  the  odsophagus  remains  quite  solid  and 
without  a  lumen.  The  part  of  the  cesophagus  to  undergo  this 
peculiar  change  is  that  which  overlies  the  heart,  and  extends 
from  the  front  end  of  the  stomach  to  the  branchial  region.  At 
first,  this  part  of  the  cesophagus  has  the  form  of  a  tube  with 
a  well-developed  lumen  like  the  remainder  of  the  alimentary 
tract,  but  at  a  stage  slightly  younger  than  K  its  lumen  becomes 
smaller,  and  finally  vanishes,  and  the  original  tube  is  replaced 
by  a  solid  rod  of  uniform  and  somewhat  polygonal  cells.  A 
section  of  it  in  this  condition  is  represented  in  PL  V.  fig.  8a. 

At  a  slightly  later  stage  its  outermost  cells  become  more 
columnar  than  the  remainder,  and  between  stages  K  and  L  it 
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loses  its  Cylindrical  form  and  becomes  much  more  flattened. 
By  stage  L  the  external  layer  of  columnar  cells  is  more  defin^- 
itely  established,  and  the  central  rounded  cells  are  no  longer  so 
numerous  (PL  xxrv.  fig.  4,  8  oes,). 

In  the  succeeding  stage  the  solid  part  of  the  oesophagus 
immediately  adjoining  the  stomach  is  carried  farther  back 
relatively  to  the  heart  and  overlies  the  front  end  of  the  liver. 
A  lumen  is  not  however  formed  in  it  by  the  close  of  stage  Q, 
and  beyond  that  period  I  have  not  carried  my  investigations, 
and  cannot  therefore  state  the  exact  period  at  which  the  lumen 
reappears.  The  limits  of  the  solid  part  of  the  oesophagus  are 
very  satisfactorily  shewn  in  longitudinal  and  vertical  sections. 

Up  to  stage  Q  there  are  no  signs  of  a  rudimentary  air- 
bladder. 

The  solidification  of  the  oesophagus  belongs  to  a  class  of 
embryological  phenomena  which  are  curious  rather  than  in- 
teresting, and  are  mainly  worth  recording  from  the  possibility 
of  their  turning  out  to  have  some  unsuspected  morphological 
bearings. 

The  postanal  section  of  the  aUmentary  tract. 

An  account  has  already  been  given  of  the  posterior  con- 
tinuity of  the  neural  and  alimentary  canals\  and  it  was  there 
stated  that  Kowalevsky  was  the  discoverer  of  this  peculiar  ar- 
rangement. Since  that  account  was  published,  Kowalevsky  has 
given  further  details  of  his  investigations  on  this  point,  and 
more  especially  describes  the  later  history  of  the  hindermost 
section  of  the  alimentary  tract.     He  says' : 

The  two  germinal  layers,  epiblast  and  hypoblast,  are  continuous 
with  each  other  at  the  border  of  the  germinal  disa  The  primitive 
groove  or.  furrow  appears  at  the  border  of  the  germinal  disc  and 
18  continued  from  the  upper  to  the  lower  side.  By  the  closing  of 
the  groove  there  is  formed  the  medullary  canal  above,  while  the 
part  of  the  groove  on  the  under  surface  directed  below  is  chiefly 
converted  into  the  hind  end  of  the  alimentary  tract.  The  connection 
of  the  two  tubes  in  Acanthias  persists  till  the  formation  of  the  anus, 
and  the  part  of  the  nervous  tube  which  lies  under  the  chorda  passes 

^  This  Journal,  Vol.  z.  page  681. 

*  Archivf.  Mic,  Anat  Vol  zm.  pp.  194, 195. 
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gradaallj  upwards  to  the  dorsal  side  of  the  ohorda,  and  penistB  there 
for  a  long  time  in  the  form  of  a  large  thin-walled  vesicle. 

The  last  part  of  the  description  beginning  at  "The  con- 
nection of"  does  not  hold  good  for  any  of  the  genera  which 
I  have  had  an  opportunity  of  investigating^  as  will  appear  from 
the  sequel 

In^  a  previous  section^  the  history  of  the  alimentary  tract 
was  completed  up  to  stage  G. 

In  stage  H  the  point  where  the  anus  will  (at  a  very  much 
later  period)  appear^  becomes  marked  out  by  the  alimentary 
tract  sending  down  a  papilliform  process  towards  the  skin. 
This  is  shewn  in  Vol.  X.  PL  xxrv.  figs.  H  and  /,  an. 

That  part  of  the  alimentary  tract  which  is  situated  behind 
this  point  may,  for  convenience,  be  called  iJie  postanal  section. 
During  stage  H  the  postanal  section  begins  to  develope  a 
terminal  dilatation  or  vesicle,  connected  with  the  remainder 
of  the  canal  by  a  narrower  stalk.  The  relation  in  diameter 
between  the  vesicle  and  the  stalk  may  be  gathered  by  a  com- 
parison of  fig.  3a  and  86,  Vol.  xi.  PI.  V.  The  diameter  of  the 
vesicle  represented  in  section  in  PI.  V.  fig.  3,  is  0*328  Mm. 

The  walls  both  of  the  vesicle  and  stalk  are  formed  of  a 
fairly  columnar  epithelium.  The  vesicle  communicates  in  front 
by  a  narrow  passage  (Vol.  xi.  PL  V.  fig.  3o)  with  the  neural 
canal,  and  behind  is  continued  into  two  horns  (VoL  XI.  PL  V. 
fig.  2,  cd)  corresponding  with  the  two  caudal  swellings  spoken 
of  above  (Vol.  X.  p.  557).  "Where  the  canal  is  continued  into 
these  two  horns,  its  walls  lose  their  distinctness  of  outline,  and 
become  continuous  with  the  adjacent  mesoblast. 

In  the  succeeding  stages  up  to  K  the  tail  grows  longer  and 
longer,  and  with  it  grows  the  postanal  section  of  the  alimen- 
tary tract,  without  however  altering  in  any  of  its  essential 
characters. 

Its  features  at  stage  K  are  illustrated  by  an  optical  section 
of  the  tail  of  an  embryo  (PL  xxiv.  fig.  5)  and  by  a  series  of 
transverse  sections  through  the  tail  of  another  embryo  in  PL 
xxrv.  fig.  6a,  66,  6c,  6rf.  In  the  optical  section  there  is  seen 
a  terminal  vesicle  opening  into  the  neural  canal,  and  oon- 

^  Thi$  Journal^  Vol.  x.  p.  677  et  seq. 
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necied  with  the  remainder  of  the  alimentary  tract.  The  ter- 
minal vesicle  causes  the  end  of  the  tail  to  be  dilated,  as  is 
shewn  in  Vol.  x.  Pi.  xxv.  fig.  K.  The  length  of  the  postanal 
section  extending  from  the  abdominal  paired  fins  to  the 
end  of  the  tail  (equal  to  rather  less  than  one-third  of  the 
whole  length  of  the  embryo),  may  be  gathered  from  the  same 
figure. 

The  most  accurate  method  of  studying  this  part  of  the 
alimentary  canal  is  by  means  of  transverse  sections.  Four 
sections  have  been  selected  for  illustration  (PL  xxiv.  fig.  Qa^  6&, 
6c,  and  6ci)  out  of  a  fairly-complete  series  of  about  one  hundred 
and  twenty. 

Posteriorly  (fig.  6a)  there  is  present  a  terminal  vesicle 
*25  Mm.  in  diameter,  and  therefore  rather  smaller  than  in 
the  earlier  stage,  whose  walls  are  formed  of  columnar  epi- 
thelium, and  which  communicates  dorsally  by  a  narrow  opening 
with  the  neural  canal;  to  this  is  attached  a  stalk  in  the 
form  of  a  tube,  also  lined  by  columnar  epithelium,  and  ex- 
tending through  about  thirty  sections  (PL  xxrv.  fig.  66).  Its 
average  diameter  is  about  '084  Mm.  Overlying  its  front  end 
is  the  subnotochordal  rod  (fig.  6&,  x),  but  this  does  not  extend 
afl  far  back  as  the  terminal  vesicle. 

The  thick-walled  stalk  of  the  vesicle  is  connected  with  the 
cloacal  section  of  the  alimentary  tract  by  a  very  narrow  thin- 
walled  tube  (PL  XXIV.  6c,  al.).  This  for  the  most  part  has  a 
fairly  uniform  calibre,  and  a  diameter  of  not  more  than  '035  Mm. 
Its  walls  are  formed  of  a  flattened  epithelium.  At  a  point  not 
far  from  the  cloaca  it  becomes  smaller,  and  its  diameter  falls 
to  '03  Mm.  In  front  of  this  point  it  rapidly  dilates  again,  and, 
after  becoming  fairly  wide,  opens  on  the  dorsal  side  of  the 
cloacal  section  of  the  alimentary  canal  just  behind  the  anus 
(fig.  6d). 

Near  the  close  of  stage  K  at  a  point  shortly  behind  the 
anus,  where  the  postanal  section  of  the  canal  was  thinnest  in 
the  early  part  of  the  stage,  the  alimentary  canal  becomes  solid 
(mde  VoL  XL  PL  vi.  fig.  9d),  and  a  rupture  here  occurs  in  it 
at  a  slightly  later  period. 

In  stage  L  the  posterior  part  of  the  postanal  section  of  the 
*  canal  is  represented  by  a  small  rudiment  near  the  end  of  the 
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tail.  The  rudiment  no  longer  has  a  terminal  vesicle,  nor  doe$ 
it  commimicate  tuith  the  neurcd  canal.  It  was  visible  in  one 
series  for  about  40  sections,  and  was  continued  forwards  by  a 
few  granular  cells,  lying  between  the  aorta  and  the  caudal  vein. 
The  portion  of  the  postanal  section  of  the  alimentary  tract  just 
behind  the  cloaca,  was  in  the  same  embryo  represented  by  a 
still  smaller  rudiment  of  the  dilated  part  which  at  an  eaxli^ 
period  opened  into  the  cloaca. 

Later  than  stage  L  I  have  failed  to  find  any  trace  of  the 
postanal  section  of  the  alimentary  canal,  and  conclude  that  it 
vanishes  without  becoming  converted  into  any  organ  in  the 
adult  Since  my  preliminary  account  of  the  development  of 
Elasmobranch  Fishes  was  written,  no  fresh  light  appears  to 
have  been  thrown  on  the  question  of  the  postanal  section  of  the 
alimentary  canal  being  represented  in  higher  Yertebrata  by  the 
allantois. 

The  cloaca  and  anus. 

Elasmobranchs  agree  closely  with  other  Vertebrates  in  the 
formation  of  the  cloaca  and  anus,  and  in  the  relations  of  the 
cloaca  to  the  urinogenital  ducts. 

The  point  where  the  anus,  or  more  precisely  the  external 
opening  of  the  cloaca,  will  be  formed,  becomes  very  early 
marked  out  by  the  approximation  of  the  wall  of  the  alimen- 
tary tract  and  external  skin.  This  is  shewn  for  stages  H  and  I 
in  Vol.  X.  PL  xxiv.  an 

Between  stages  I  and  K  the  alimentary  canal  on  either 
side  of  this  point,  which  we  may  for  brevity  speak  of  as  the 
anus,  is  far  removed  from  the  external  skin,  but  at  the  anus 
itself  the  lining  of  the  alimentary  canal  and  the  skin  are  in 
absolute  contact.  There  is,  however,  no  involution  from  the 
exterior,  but,  on  the  contrary,  the  position  of  the  anus  is 
marked  by  a  distinct  prominence.  Opposite  the  anus  the 
alimentary  canal  dilates  and  forms  the  cloaca. 

During  stage  E,  just  in  front  of  the  prominence  of  the  anus, 
a  groove  is  formed  between  two  downgrowths  of  the  body-walL 
This  is  shewn  in  Vol.  xi.  PI.  VI.  fig.  9a,  During  the  same  stage 
the  segmental  ducts  grow  downwards  to  the  cloaca,  and  open 
into  it  in  the  succeeding  stage  (PL  VI.  fig.  9A),    Up  to  stage  K 
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the  cloaca  is  connected  with  the  praeanal  section  of  the  ali- 
mentary canal  in  front,  and  the  postanal  section  behind ;  the 
latter,  however,  by  stage  L,  as  has  been  stated  above,  atrophies, 
with  the  exception  of  a  very  small  rudiment.  In  stage  L  the 
posterior  part  of  the  cloaca  is  on  a  level  with  the  hind  end 
of  the  kidneys,  and  is  situated  behind  the  posterior  horns  of  the 
body-cavity,  which  are  continued  backwards  to  about  the  point 
where  the  segmental  ducts  open  into  the  cloaca,  and  though  very 
small  at  their  termination  rapidly  increase  in  size  anteriorly. 

Nothing  very  worthy  of  note  takes  place  in  connection 
with  the  cloaca  till  stage  O.  By  this  stage  we  have  three 
important  structures  developed.  (1)  An  involution  from  the 
exterior  to  form  the  mouth  of  the  cloaca  or  anus.  (2)  A  per- 
foration leading  into  the  cloaca  at  the  hind  end  of  this. 
(3)  The  rudiments  of  the  abdominal  pockets.  All  of  these 
structures  are  shewn  in  PL  xxv.  fig.  la,  lb,  la 

The  mouth  of  the  cloaca  is  formed  by  an  involution  of  the 
skin,  which  is  deepest  in  front  and  becomes  very  shallow 
behind  (PI.  xxv.  fig.  la,  16).  At  first  only  the  mucous  layer 
of  the  skin  takes  part  in  it,  but  when  the  involution  forms 
a  true  groove,  both  layers  of  the  skin  serve  to  line  it.  At  its 
posterior  part,  where  it  is  shallowest,  there  is  present,  at  stage  O, 
a  slit-like  longitudinal  perforation,  leading  into  the  posterior 
part  of  the  cloaca  (PL  xxv.  fig.  Ic)  and  forming  its  external 
opening.  Elsewhere  the  wall  of  the  cloaca  and  cloacal  groove 
are  merely  in  contact  but  do  not  communicate.  On  each  side 
of  the  external  opening  of  the  cloaca  there  is  present  an  invo- 
lution (PL  XXV.  fig.  Ic,  ab.  p.)  of  the  skin,  which  quite  resembles 
the  median  cloacal  involution,  and  forms  the  rudiment  of  an 
abdominal  pocket.  These  two  rudiments  must  not  be  confused 
with  two  similar  ones,  which  are  present  in  all  the  three  sections 
represented,  and  mark  out  the  line  which  separates  the  limbs 
from  the  trunk.  These  latter  are  not  present  in  the  succeeding 
stages.  The  abdominal  pockets  are  only  found  in  sections 
through  the  opening  into  the  cloaca,  and  are  only  visible  in 
the  hindermost  of  my  three  sections.  It  appears,  therefore, 
that  all  the  structures  of  the  adult  cloaca  are  already  consti- 
tuted by  stage  O,  and  the  subsequent  changes,  so  far  as  I  have 
investigated  them,  may  be  dealt  with  in  very  few  words.    The 
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perforation  of  the  cloacal  involution  is  carried  slowly  forwards* 
so  that  the  opening  into  the  cloaca,  though  retaining  its  slit-like 
character,  becomes  continuously  longer ;  by  stage  Q  its  size  is 
▼ery  considerable.  The  cloacal  inyolution,  relatively  to  the 
cloaca,  recedes  backwards.  In  stage  O  its  anterior  end  is  situa- 
ted some  distance  in  front  of  the  opening  of  the  segmental  dnct 
into  the  cloaca ;  by  stage  P  the  front  end  of  the  cloacal  in  vein- 
tion  IB  nearly  opposite  this  opening,  and  by  stage  Q  is  situated 
behind  it. 

As  I  have  shewn  elsewhere\  the  so-called  abdominal  pores 
of  Scyllium  are  simple  pockets  open  to  the  exterior,  but  without 
any  communication  with  the  body-cavity.  By  stage  Q  they  ard 
considerably  deeper  than  in  stage  O,  and  retain  their  original 
position  near  the  hind  end  of  the  opening  into  the  doaca.  The 
opening  of  the  urinogenital  ducts  into  the  cloaca  will  be 
described  in  the  section  devoted  to  the  urinogenital  system. 

In  Elasmobranchs,  as  in  other  Yertebrata^  that  part  of  the 
cloaca  which  receives  the  urinogenital  ducts,  is  in  reality  the 
hindermost  section  of  the  gut  and  not  the  involution  of  epiblast 
which  eventually  meets  this.  Thus  the  urinogenital  ducts  at 
first  open  into  the  alimentary  canal  and  not  to  the  exterior. 
This  £Etct  is  certainly  surprising,  and  its  meaning  is  not  quite 
clear  to  me. 

The  very  late  appearance  of  the  anus  may  be  noticed  as  a 
point  in  which  Elasmobranchs  agree  with  other  Vortebrata^ 
notably  the  Fowl'.  The  abdominal  pockets,  as  might  be  anti- 
cipated from  their  structure  in  the  adult,  are  simple  involutions 
of  the  epiblast. 

The  thyroid  body. 

The  earliest  trace  of  the  thyroid  body  has  come  under 
my  notice  in  a  Torpedo  embryo  slightly  older  than  I.  In  this 
embryo  it  appeared  as  a  diverticulum  from  the  ventral  surface 
of  the  throat  in  the  region  of  the  mandibular  arch,  and  extended 
from  the  border  of  the  mouth  to  the  point  where  the  ventral 
aorta  divided  into  the  two  aortic  branches  of  the  mandibular 


*  Thit  Journal,  Vol.  t.  p.  S4. 

'  Vide  (iasser,  EnHoicklung$0^9ehichU  der  AUatUait,  ele. 
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arch.  In  front  it  bounded  a  groove  (Vol.  xi.  PI.  xvil.  fig.  5a,  Th.), 
directly  continuous  with  the  narrow  posterior  pointed  end  of 
the  mouth  and  open  to  the  throat,  while  behind  it  became  a 
solid  rod  attached  to  the  ventral  wall  of  the  oesophagus  (PI. 
XVII.  fig.  5b,  Th),  In  a  Scyllium  embryo  belonging  to  the 
early  part  of  stage  K,  the  thyroid  gland  presented  the  same 
arrangement  as  in  the  Torpedo  embryo  just  described,  with  the 
exception  that  no  solid  posterior  section  of  it  was  present. 

Towards  the  close  of  stage  K  the  thyroid  body  begins  to 
elongate  and  become  solid,  though  it  still  retains  its  attachment  m^ 
to  the  wall  of  the  oesophagus.  The  solidification  is  effected  by 
the  columnar  cells  which  line  the  groove  elongating  and  meet- 
ing in  the  centre.  As  soon  as  the  lumen  is  by  these  means 
obliterated,  small  cells  make  their  appearance  in  the  interior  of 
the  body,  probably  budded  off  from  the  original  columnar  cells. 

The  gland  continues  to  grow  in  length,  and  by  stage  L 
assumes  a  long  sack-like  form  with  a  layer  of  columnar  cells 
bounding  it  externally,  and  a  core  of  rounded  cells  filling  up  its 
interior.  Anteriorly  it  is  still  attached  to  the  throat,  and  its 
posterior  extremity  lies  immediately  below  the  end  of  the  ven- 
tral aorta.  The  cells  of  the  gland  contain  numerous  yellowish 
concretionary  pigment  bodies,  which  are  also  present  in  the 
later  stages. 

Up  to  stage  P  the  thyroid  gland  retains  its  original  posi- 
tion. Its  form  and  situation  are  shewn  in  PL  xxv.  fig.  3,  in 
lon^tudinal  and  vertical  section  for  a  stage  between  O  and  P. 
The  external  layer  of  columnar  cells  has  now  vanished,  and 
the  gland  is  divided  up  by  the  ingrowth  of  connective-tissue 
septa  into  a  number  of  areas  or  lobules — ^the  rudiments  of  the 
future  follicles.  These  lobules  are  perfectly  solid  without  any 
trace  of  a  lumen.  A  capillary  network  following  the  septa  is 
present 

By  stage  Q  the  rudimentary  follicles  are  more  distinctly 
marked,  but  still  without  a  lumen,  and  a  connective-tissue 
sheath  indistinctly  separated  from  the  surrounding  tissue  has 
been  formed.  My  sections  do  not  shew  a  junction  between  the 
gland  and  the  epithelium  of  the  throat ;  but  the  two  are  so  close 
together,  that  I  am  inclined  to  think  that  such  a  junction  still 
exists.    It  is  certainly  present  up  to  stage  P. 
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Dr  Miiller\  in  his  exhaustive  memoir  on  the  thyroid  body, 
gives  an  account  of  its  condition  in  two  Acanthias  embryos.  Li 
his  earliest  embryo  (which,  judging  from  the  size,  is  perhaps 
about  the  same  age  as  my  latest)  the  thyroid  body  is  discon- 
nected from  the  throat,  yet  contains  a  lumen,  and  is  not  divided 
up  into  lobules.  It  is  clear  from  this  account,  that  there  most 
be  considerable  differences  of  detail  in  the  development  of  the 
thyroid  body  in  Acanthiae  and  Scyllium. 

In  the  Bird  Dr  Mtiller's  figures  shew  that  the  thyroid  body 
developes  in  the  region  of  the  hyoid  arch,  whereas,  in  Ellasmo- 
branchs,  it  developes  in  the  region  of  the  mandibular  ardi. 
Dr  Gotte's*  account  of  this  body  in  Bombinator  accords  very 
completely  with  my  own,  both  with  reference  to  the  r^on  in 
which  it  developes,  and  its  mode  of  development. 

The  pancreas. 

• 

The  pancreas  arises  towards  the  close  of  stage  K  as  a  some- 
what rounded  hollow  outgrowth  from  the  dorsal  side  of  that  part 
of  the  gut  which  from  its  homologies  may  be  called  the  duodenum. 
In  the  region  where  the  pancreas  is  being  formed  the  appearances 
presented  in  a  series  of  transverse  sections  are  somewhat  com- 
plicated (Pi.  xxrv.  fig.  1),  owing  to  the  several  parts  of  the  gut 
and  its  appendages  which  may  appear  in  a  single  section,  but 
I  have  detected  no  trace  of  other  than  a  single  outgrowth  to 
form  the  pancreas. 

By  stage  L  the  original  outgrowth  from  the  gut  has  become 
elongated  longitudinally,  but  transversely  compressed:  at  the 
same  time  its  opening  into  the  duodenum  has  become  somewhat 
narrowed. 

Owing  to  these  changes  the  pancreas  presents  in  longitudinal 
and  vertical  section  a  funnel-shaped  appearance  (PL  xxv.  fig.  4). 
From  the  expanded  dorsal  part  of  the  funnel,  especially  from 
its  anterior  end,  numerous  small  tubular  diverticula  grow  out 
into  the  mesoblast.  The  apex  of  the  funnel  leads  into  the  duo- 
denum. From  this  arrangement  it  results  that  at  this  period 
the  original  outgrowth  from  the  duodenum  serves  as  a  recep- 
tacle into  which  each  ductule  of  the  embryonic  gland  opens 

1  JefiaUche  ZeiUehrift,  Vol.  vi. 
'  Entwieklungsge$ehichte  d,  Unke^ 
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8et)aratel7.  I  have  not  followed  in  detail  the  further  growth 
of  the  gland.  It  is,  however,  easy  to  note  that  while  the 
ductules  grow  longer  and  become  branched,  vascular  processes 
grow  in  between  them,  and  the  whole  forms  a  compact  glandular 
body  in  the  mesentery  on  the  dorsal  side  of  the  alimentary 
tract,  and  nearly  on  a  level  with  the  front  end  of  the  spiral 
valve.  The  funnel-shaped  receptacle  loses  its  original  form, 
and  elongating,  assumes  the  character  of  a  duct. 

From  the  above  account  it  follows  that  the  glandular  part 
of  the  pancreas,  and  not  merely  its  duct,  is  derived  from  the 
original  hypoblastic  outgrowth  from  the  gut.  This  point  is 
extremely  clear  in  my  preparations,  and  does  not,  in  spite  of 
Schenk's  observations  to  the  contrary^  appear  to  me  seriously 
open  to  doubt. 

The  liver. 

The  liver  arises  during  stage  I  as  a  ventral  outgroi^th  from 
tbe  duodenum  immediately  in  front  of  the  opening  of  the 
umbilical  canal  (duct  of  the  yolk-sack)  into  the  intestine. 
Almost  as  soon  as  it  is  formed  this  outgrowth  developes  two 
lateral  diverticula  opening  into  a  median  canal. 

The  two  diverticula  are  the  rudimentary  lobes  of  the  liver, 
and  the  median  duct  is  the  rudiment  of  the  common  bile-duct 
(ductus  choledochus)  and  gall-bladder  (Vol.  XI.  PL  VL  fig.  9). 

By  stage  K  the  hepatic  diverticula  have  begun  to  bud  out 
a  number  of  small  hollow  knobs.  These  rapidly  increase  in 
length  and  number,  and  form  the  so-called  hepatic  cylinders. 
They  anastomose  and  unite  together,  so  that  by  stage  L  there 
is  constructed  a  regular  network.  As  the  cylinders  increase 
in  length  their  lumen  becomes  very  small,  but  appears  never 
to  vanish  (Vol.  XI.  PL  xxv,  fig.  5). 

The  mode  of  formation  of  the  liver  parenchyma  by  hollow 
and  not  solid  outgrowths  agrees  with  the  suggestion  made  in 
the  Elements  of  Embryologyy  p.  133,  and  also  with  the  results 
of  Gotte  on  the  Amphibian  liver.  Schenk  has  thrown  doubts 
upon  the  hypoblastic  nature  of  the  secreting  tissue  of  the  liver, 
but  it  does  not  appear  to  me,  from  my  own  investigations,  that 
this  point  is  open  to  question. 

^  Lehrbuch  (f.  vergleichenden  Embryologie, 
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Coincidently  with  the  formation  of  the  hepatic  netwofl, 
the  umbilical  vein  (PL  vi.  fig.  9,  z^  v.)  which  unites  with  the 
Bubintestinal  or  splanchnic  vein  (PL  Y.  fig.  8  V.)  breaks  up  into 
a  series  of  channels,  which  form  a  second  network  in  the  spaces 
of  the  hepatic  network.  These  vascular  channels  of  the  liv^ 
appear  to  roe  to  have  from  the  first  distinct  walls  of  delicate 
spindle-shaped  cells,  and  I  have  failed  to  find  a  stage  similar 
to  that  described  by  Gotte  for  Amphibians  in  which  the  blood- 
channels  are  simply  Lwunar  spiwjes  in  the  hepatic  parenchyma. 

The  changes  of  the  median  duct  of  the  liver  are  of  rather 
a  passive  nature.  By  stage  O  its  anterior  end  has  dilated  into 
a  distinct  gall-bladder,  whose  duct  receives  in  succession  the 
hepatic  ducts,  and  so  forms  the  ductus  choledochus.  The  ductus 
choledochus  opens  on  the  ventral  side  of  the  intestine  immedi- 
ately in  front  of  the  commencement  of  the  spiral  valve. 

It  may  be  noted  that  the  liver  and  pancreas  are  correspond- 
ing dorsal  and  ventral  appendages  of  the  part  of  the  alimentaiy 
tract  immediately  in  front  of  its  junction  with  the  yolk-sadc. 

The  subnotochordal  rod. 

The  existence  of  this  remarkable  body  in  Yertebrata  was 
first  made  known  by  Dr  GK>tte\  who  not  only  demonstrated 
its  existence,  but  also  gave  a  correct  account  of  its  develop- 
ment. Its  presence  in  Elasmobranchs  and  mode  of  deve- 
lopment were  mentioned  by  myself  in  my  preliminary  ao> 
count  of  the  development  of  these  fishes',  and  it  has  been 
independently  observed  and  described  by  Professor  Semper*. 
No  plausible  suggestion  as  to  its  function  has  hitherto  been 
made,  and  it  is  therefore  a  matter  of  some  difficulty  to 
settle  with  what  group  of  organs  it  ought  to  be  treated. 
In  the  presence  of  this  difficulty  it  seemed  best  to  deal  with 
it  in  this  chapter,  since  it  is  unquestionably  developed  from 
the  wall  of  the  alimentary  canaL 

At  its  full  growth  this  body  forms  a  rod  underlying  the 
notochord,  and  has  nearly  the  same  longitudinal  extension  as 

^  ArckivfUr  Micros.  AnatomUt  Bd.  v.,  and  EntwieklungsgeieJUehte  d,  TJnke, 
•  Quarterly  Journal  of  Microscopic  Science^  Oci  1874. 

'  Stammverwandschaft  d.  Wirhelthiere  «.  WirbeUosen  And  Da*  Urogtnital- 
system  d,  Playiostomen,  Arb,  ZooL  ZooU  Institute  z,  WUn^mrg,  Bd.  11* 
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tbis.  It  is  indicated  in  most  of  my  sections  by  the  letter /r. 
"We  may  distinguish  two  sections  of  it,  the  one  situated  in  the 
liead,  the  other  in  the  trunk.  The  junction  between  the  two 
occurs  at  the  hind  border  of  the  visceral  clefts. 

The  section  in  the  trunk  is  the  first  to  develope.    It  arises 
during  stage  H  in  the  manner  illustrated  in  Vol.  XI.  Plate  V. 
figs.   1  and  la.    The   wall  of  the  alimentary  canal  becomes 
thickened  (PI.  v.  fig.  1)  along  the  median  dorsal  line,  or  else 
produced  into  a  ridge  into  which  there  penetrates  a  narrow 
prolongation  of  the  lumen  of  the  alimentary  canal.     In  either 
case  the  cells  at  the  extreme  summit  of  the  thickening  become 
gradually  constricted   off  as  a  rod,   which   lies  immediately 
dorsal  to  the  alimentary  tract,  and  ventral  to  the  notochord. 
The  shape  of  the  rod  varies  in  the  different  regions  of  the 
body,    but  it  is    always    more   or  less  elliptical   in   section. 
Owing  to  its  small  size  and  soft  structure  it  is  easily  dis- 
torted in  the  process  of  preparing  sections. 

In  the  hindermost  part  of  the  body  its  mode  of  formation 
differs  somewhat  from  that  above  described.  In  this  part 
the  alimentary  wall  is  very  thick  and  undergoes  no  special 
growth  prior  to  the  formation  of  the  subnotochordal  rod ; 
on  the  contrary,  a  small  linear  portion  of  the  wall  becomes 
scooped  out  along  the  median  dorsal  line,  and  eventually  sepa- 
rates from  the  remainder  as  the  rod  in  question.  In  the 
trunk  the  splitting  off  of  the  rod  takes  place  from  before 
backwards,  so  that  the  anterior  part  of  it  is  formed  before 
the  posterior. 

The  section  of  the  subnotochordal  rod  in  the  head  would 
appear  from  my  observations  on  Pristiurus  to  develope  in  the 
same  way  as  in  the  trunk,  and  the  splitting  off  from  the 
throat  proceeds  from  before  backwards  (Vol.  xi.  PI.  xvii. 
fig.  4a). 

In  Torpedo,   this  rod  developes  very  much  later  in  the 

!^      head  than  in  the  trunk;  and  indeed  my  conclusion  that  it 

developes  in  the  head  at  all  is  only  based  on  grounds  of  analogy, 

'f      since  in  my  oldest  Torpedo  eihbryo   (just  younger  than   K) 

1^      there  is  no  trace  of  it   present.     In  a  Torpedo  embryo  of 

stage    I    the    subnotochordal   rod    of  the  trunk   terminated 

anteriorly   by  uniting  with  the  throat.      The  junction  was 
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effected  by  a  narrow  pedicle,  so  that  the  rod  appeared  xnusiH 
room-shaped  in  section^  the  stalk  representing  the  pedicle  of 
attachment. 

On  the  formation  of  the  dorsal  aorta,  the  subnotochordal 
rod  becomes  separated  from  the  wall  of  the  gut  and  the 
aorta  interposed  between  the  two. 

The  subnotochordal  rod  attains  its  fullest  development 
during  stage  K.  Anteriorly  it  terminates  at  a  point  well  in 
front  of  the  ear,  though  a  little  behind  the  end  of  the 
notochord ;  posteriorly  it  extends  very  nearly  to  the  extremity 
of  the  tail  and  is  almost  co-extensive  with  the  postanal 
section  of  the  alimenteury  tract,  though  it  does  not  quite 
reach  so  far  back  as  the  caudal  vesicle  (PI.  xxrv.  fig.  6  b).  In 
stage  L  it  is  still  fairly  large  in  the  tail,  though  it  has  begun 
to  atrophy  anteriorly.  We  may  therefore  conclude  that  its 
atrophy,  like  its  development,  takes  place  from  before  bade- 
wards.  In  the  succeeding  stages  I  have  failed  to  find  any  trace 
of  it,  and  conclude,  as  does  Professor  Semper,  that  it  dis- 
appears completely. 

05tte^  is  of  opinion  that  the  subnotochordal  rod  is  converted 
into  the  dorsal  lymphatic  trunk,  and  regards  it  as  the  ant^ri<v 
continuation  of  the  postanal  gut,  which  he  believes  to  be  also 
converted  into  a  lymphatic  trunk.  Hy  observations  afford  no 
support  to  these  views,  and  the  fact  already  mentioned,  that 
the  subnotochordal  rod  is  nearly  co-extensive  with  the  postanal 
section  of  the  gut,  renders  it  improbable  that  both  these  struc- 
tures are  connected  with  the  lymphatic  system. 

^  EtUwicklung»g€$chichte  d.  Unke,  p.  775. 
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The  Vascular  System  and  Vascular  Glands. 

The  present  chapter  deals  with  the  early  development  of 
the  heart,  the  development  of  the  general  circulatory  system, 
especially  the  venous  part  of  it,  and  the  circulation  of  the 
yolk-sack.  It  also  contains  an  account  of  two  bodies  which  I 
shall  call  the  suprarenal  and  interrenal  bodies,  which  are 
generally  described  as  vascular  glands. 

The  heart. 

The  first  trace  of  the  heart  becomes  apparent  during  stage 
G,  as  a  cavity  between  the  splanchnic  mesoblast  and  the  wall 
of  the  gut  immediately  behind  the  region  of  the  visceral  clefts 
(Vol.  XL  PL  V.  fig.  4,  ht). 

The  body-cavity  in  the  region  of  the  heart  is  at  first  double, 
owing  to  the  two  divisions  of  it  not  having  coalesced ;  but  even 
in  the  earliest  condition  of  the  heart  the  layers  of  splanchnic 
mesoblast  of  the  two  sides  have  united  so  as  to  form  a 
complete  wall  below.  The  cavity  of  the  heart  is  circumscribed 
by  a  more  or  less  complete  epithelioid  (endothelial)  layer  of 
flattened  cells,  connected  with  the  splanchnic  wall  of  the  heart 
by  protoplasmic  processes.  The  origin  of  this  lining  layer  I 
could  not  certainly  determine,  but  its  connection  with  the 
splanchnic  mesoblast  suggests  that  it  is  probably  a  derivative 
of  thisV  In  front  the  cavity  of  the  heart  is  bounded  by  the 
approximation  of  the  splanchnic  mesoblast  to  the  wall  of  the 
throat,  and  behind  by  the  stalk  connecting  the  alimentary  canal 
with  the  yolk-sack. 

As  development  proceeds  the  ventral  wall  of  the  heart  be- 
comes bent  inwards  on  each  side  on  a  level  with  the  wall  of 
the  gut  (Plate  v.  fig.  4),  and  eventually  becomes  so  folded 

^  From  obflervations  on  the  development  of  the  heart  in  the  Fowl,  I  have 
been  able  to  satisfy  myself  that  the  epithelioid  lining  of  the  heart  is  derived 
from  the  splanchnio  mesoblast.  When  the  cavity  of  the  heart  is  being  formed 
by  the  separation  of  the  splanchnic  mesoblast  from  the  hypoblast,  a  layer  of 
the  former  remains  dose  to  the  hy]>oblast,  bat  connected  with  the  main  mass  of 
the  splanchnic  mesoblast  by  protoplasmic  processes.  A  second  layer  next  be« 
comes  split  from  the  splanchnic  mesoblast,  connected  with  the  first  layer  by  the 
above-mentipned  protoplasmic  processes.  Between  these  two  layers  is  the 
cavity  of  the  heaort,  which  soon  loses  its  protoplasmic  trabecnhe. 
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in  as  to  form  for  the  heart  a  complete  muscular  wall  of  splanch- 
nic  mesoblast.  The  growth  inwards  of  the  mesoblast  to  form 
the  dorsal  wall  of  the  heart  does  not,  as  might  be  expected, 
begin  in  front  and  proceed  backwards,  but  commences  behind 
and  is  gradually  carried  forwards. 

From  the  above  account  it  is  clear  that  I  have  failed  to 
find   in  Elasmobranchs  any  traces   of   two    distinct   cavities 
coalescing  to  form  the  heart,  such  as  have  been  recently  de- 
scribed in  Mammals  and  Birds ;  and  this,  as  well  as  the  other 
features  of  the  formation  of  the  heart  in  Elasmobranchs,  axe  in 
very  close  accordance  with  the  careful  description  given  by 
Qotte*  of  the  formation  of  the  heart  in  Bombinator.    The  di* 
vergence  which  appears  to  be  indicated  in  the  formation  of  so 
important  an  organ  as  the  heart  between  Pisces  and  Amphibians 
on  the  one  hand,  and  Aves  and  Mammalia  on  the  other,  is  cer- 
tainly startling,  and  demands  a  careful  scrutiny.   The  most  com- 
plete observations  on  the  double  formation  of  the  heart  in 
Mammalia  have  been  made  by  Hensen,  Gotte  and  Kolliker. 
These  observations  lead  to  the  conclusion  (1)  that  the  heart 
arises  as  two  independent  splits  between  the  splanchnic  meso- 
blast and  the  hypoblast,  each  with  an  epithelioid  (endothelial) 
lining.     (2)  That  the  heart  is  first  formed  at  a  period  when  the 
folding  in  of  the  splanchnopleure  to  form  the  throat  hcLS  not  com^ 
m^enced,  and  when  therefore  it  would  be  impossible  for  it  to  he 
formed  as  a  single  tube. 

In  Birds  almost  every  investigator  since  von  Baer  has 
detected  more  or  less  clearly  the  coalescence  of  two  halves  to 
form  the  unpaired  heart'.  Most  investigators  have  however 
believed  that  there  was  from  the  first  an  unpaired  anterior 
section  of  the  heart,  and  that  only  the  posterior  part  was 
formed  by  the  coalescence  of  two  lateral  halves.  Professor 
His',  and  more  recently  EoUiker,  have  stated  that  there 
is    no    such   unpaired  anterior   section    of   the   heart.      My 


1  BisehoflP  has  recently  Btated,  HUtoriteh-kriiigehe  Bemerhmgen  U,  d,  Sni^ 
wiekelung  d.  SRugethiereier,  that  Qotte  has  fonnd  a  double  foimafcion  of  the 
heart  in  Bombinator.  It  may  seem  bold  to  question  the  aconrat^  of  ^sdhofTs 
interpretation  of  writings  in  his  ovn  language,  bat  I  have  certainly  ffuled  to 
gather  this  either  from  Dr  Gotte^s  text  or  figures. 

*  Vide  Elem^nti  of  Embryology  ^  Foster  and  Balfonr,  pp.  64 — 66. 

«  Erste  Anlage  d.  WirbelthierlHhes, 
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own  recent  observations  confirm  their  conclusions  as  to  the 
double  formation  of  the  heart,  though  I  find  that  the  heart  has 
from  the  first  a  A^haped  form.  At  the  apex  of  the  A  the  two 
limbs  are  only  separated  by  a  median  partition  and  are  not  con- 
tinuous with  the  aortic  arches,  which  do  not  arise  till  a  later 
period \  In  the  Bird  the  heart  thus  arises  just  behind  the  com- 
pleted throat,  and  a  double  formation  of  the  heart  appears  in  fact 
in  all  instances  to  be  most  distinctly  correlated  iviih  the  nonrdosure 
of  the  ^Aroa^,  a  non-closure  which  it  must  be  noted  would  render 
it  impossible  for  the  heart  to  arise  otherwise  than  as  a  double 
cavity.  In  the  instances  in  which  the  heart  arises  as  a  single 
cavity  it  is  formed  svhsequently  to  the  complete  formation  of  the 
throat.  There  is  thus  a  double  coincidence  which  renders  the 
conclusion  almost  certain,  that  the  formation  of  the  heart  03 
two  cavities  is  a  secondary  change  which  has  been  brought  about 
by  variations  in  the  period  of  the  closing  in  of  the  wall  of  the 
throat. 

If  the  closing  in  of  the  throat  were  deferred  and  yet  the 
primitive  time  of  formation  of  the  heart  retained,  it  is  clear 
that  such  a  condition  as  may  be  observed  in  Birds  and  Mammals 
must  occur,  and  that  the  two  halves  of  the  heart  must  be 
formed  widely  apart,  and  only  eventually  united  on  the  folding 
in  of  the  wall  of  the  throat.  We  may  then  safely  conclude  that 
the  double  formation  of  the  heart  has  no  morphological  signifi- 
cance, and  does  not,  as  might  at  first  sight  be  supposed,  imply 
that  the  ancestral  Vertebrate  had  two  tubes  in  the  place  of 
the  present  unpaired  heart.  I  have  spoken  of  this  point  at 
considerable  length,  on  account  of  the  morphological  importance 
which  has  been  attached  to  the  double  formation  of  the  heart. 
But  the  views  above  enunciated  are  not  expressed  for  the  first 
time.  In  the  Elements  of  Embryology  we  say,  p.  64,  "The 
exact  mode  of  development  (of  the  heart)  appears  according  to 
our  present  knowledge  to  be  very  different  in  different  cases ; 
and  it  seems  probable  that  the  diffisrences  are  in  fact  the  result 
of  variations  in  the  mode  of  formation  and  time  of  closure 

^  Professor  Bischoff  (Zoc.  dt.)  throws  doubts  upon  the  double  formation 
of  the  heart,  and  supports  his  views  by  Dr  Foster's  and  my  failure  to  find  any 
trace  of  a  double  formation  of  the  heart  in  the  chick.  Professor  Bischoff  must 
I  think  have  misunderstood  our  description,  which  contains  a  dear  account  of 
the  double  formation  of  the  heart. 

VOL.  XI.  46 


690  BOt  BALFOUB. 

of  the  alimeutary  canal.'*  G5tte  again  in  his  great  work'  ap- 
pears to  maintain  similar  views,  though  I  do  not  perfectJy 
understand  all  his  statements.  In  my  review  of  KoUiker's 
Embryology'  this  point  is  still  more  distinctly  enunciated  in 
the  following  passage:  ''The  primitive  wide  separation  and 
complete  independence  of  the  two  halves  of  the  heart  ia 
certainly  surprising;  but  we  are  inclined,  provisionally  at  least, 
to  regard  it  as  a  secondary  condition  due  to  the  late  period 
at  which  the  closing  of  the  throat  takes  place  in  Mammala" 

The  general  circtUation. 

The  chief  points  of  interest  in  connection  with  the  general 
circulation  centre  round  the  venous  system.  The  arterial  arches 
present  no  peculiarities :  the  dorsal  aorta,  as  in  all  other  Verte- 
brates, is  at  first  double  (PI.  v.  fig.  6  ao),  and,  generally  speak- 
ing, the  arrangement  of  the  arteries  accords  with  what  is  already 
known  in  other  forms.  The  evolution  of  the  venous  system 
deserves  more  attention. 

The  cardinal  veins  are  comparatively  late  developments. 
There  is  at  first  one  single  primitive  vein  continuous  in  front 
with  the  heart  and  underlying  the  alimentary  canal  through  its 
prseanal  and  postanal  sections.  This  vein  is  shewn  in  section  in 
PL  V.  fig.  8,  V.  It  may  be  called  either  the  subintestinal  or 
splanchnic  vein.  At  the  cloaca,  where  the  gut  enlarges  and 
comes  in  contact  with  the  skin,  this  vein  is  compelled  to  bifur- 
cate (PI.  xxrv.  fig.  6  d.  V.  cau,),  and  usually  the  two  branches  into 
which  it  divides  are  unequal  in  size.  The  two  branches  meet 
again  behind  the  cloaca  and  take  their  course  ventral  to  the 
postanal  section  of  the  gut  and  terminate  close  to  the  end  of 
the  tail,  PL  xxiv.  fig.  6  c.  v.  cau.  In  the  tail  they  form  what  b 
usually  known  as  the  caudal  vein.  The  venous  system  of 
Scyllium  or  Pristiurus,  during  the  early  parts  of  stage  K,  pre- 
sents the  simple  constitution  just  described. 

Before  proceeding  to  describe  the  subsequent  changes  which 
take  place  in  it,  it  appears  to  me  worth  pointing  out  the  re- 
markable resemblance  which  the  vascular  system  of  an  Elas- 
mobranch  presents  at  this  stage  to  that  of  an  ordinary  Annelid 

»  Entwicklungiigeschiehte  d.  Unke,  p.  779,  780,  781, 
*  This  Journal,  Vol.  x.  p.  794. 
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and  AmphioxuB.  It  consists,  as  does  the  circulatory  system,  in 
Annelids,  of  a  neural  vessel  and  an  intestinal  vessel,  the  blood 
flowing  backwards  in  the  latter  and  forwards  in  the  former. 
The  two  in  Elasmobranchs  communicate  posteriorly  by  a  capil- 
lary system,  and  in  front  by  the  arterial  arches,  connected  like 
the  similar  vessels  in  Annelids  with  the  branchiae.  Striking  as 
is  this  resemblance,  there  is  a  still  closer  resemblance  between 
the  circulation  of  the  Scyllium  embryo  at  stage  K  and  that  of 
Amphioxus.  The  two  systems  are  in  fact  identical  except  in 
very  small  details.  The  subintestinal  vessel,  absent  or  only 
represented  by  the  caudal  vein  and  in  part  by  the  ductus 
venosus  in  higher  Vertebrates  and  adult  Fish,  forms  the  main 
and  only  posterior  venous  trunk  of  Amphioxus  and  the  embryo 
Scyllium.  The  only  noteworthy  point  of  difference  between 
Amphioxus  and  the  embryo  Scyllium  is  the  presence  of  a  portal 
circulation  in  the  former,  absent  at  this  stage  in  the  latter ;  but 
even  this  is  acquired  in  Scyllium  before  the  close  of  stage  E, 
and  does  not  therefore  represent  a  real  difference  between  the 
two  types. 

The  cardinal  veins  make  their  appearance  before  the  close 
of  stage  K,  and  very  soon  unite  behind  with  the  unpaired 
section  of  the  caudal  vein  (PL  vi.  fig.  9  b,  p.  ca.  v.  and  v.).  On 
this  junction  being  effected  retrogressive  changes  take  place  in 
the  original  subintestinal  vessel.  It  breaks  up  in  front  into  a 
number  of  smaller  vessels ;  the  lesser  of  tlie  two  branches  con- 
necting it  round  the  cloaca  with  the  caudal  vein  first  vanishes 
(PL  VI.  fig.  9  a,  v),  and  then  the  larger ;  and  the  two  cardinals 
are  left  as  the  sole  forward  continuations  of  the  caudal  vein. 
This  latter  then  becomes  prolonged  forwards,  and  the  two 
posterior  cardinals  open  into  it  some  little  distance  in  front  of 
the  hind  end  .of  the  kidneys.  By  these  changes  and  by  the 
disappearance  of  the  postanal  section  of  the  gut  the  caudal 
vein  is  made  to  appear  as  a  superintestinal  and  not  a  sub- 
intestinal vessel,  and  as  the  direct  posterior  continuation  of  the 
cardinal  veins.  Embryology  proves  however  that  the  caudal 
vein  is  a  true  subintestinal  vessel  ^  and  that  its  connection  with 
the  cardinals  is  entirely  secondary. 

^  The  morpholo^cal  importance  of  this  point  is  considerable.    It  proves, 
for  instance,  that  the  htemal  arches  of  the  vertebrs  in  the  tail  (vide  antea^ 
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The  invariably  late  appearance  of  the  cardinal  veins  in 
the  embryo  and  their  absence  in  Amphioxus  leads  me  to 
regard  them  as  additions  to  the  circulatory  system  which 
appeared  in  the  Vertebrata  themselves^  and  were  not  inherited 
from  their  ancestors.  It  would  no  doubt  be  easy  to  point  to 
vessels  in  existing  Annelids  which  might  be  regarded  as  their 
equivalent,  but  to  do  so  would  be  in  my  opinion  to  follow 
an  entirely  false  morphological  scent. 

Hie  circulation  of  the  yolk-sack. 

The  observations  recorded  on  this  subject  are  so  far  as  I 
am  acquainted  with  them  very  imperfect,  and  in  most  cases 
the  arteries  and  veins  appear  to  have  been  transposed. 

Professor  Wyman^,  however,  gives  a  short  description  of 
the  circulation  in  Baja  Batis,  in  which  he  rightly  identifies 
the  arteries,  though  he  regards  the  arterial  ring  which  surrounds 
the  vascular  area  as  equivalent  to  the  venous  sinus  terminalis 
of  the  Bird. 

The  general  features  of  the  circulation  are  clearly  portrayed 
in  the  somewhat  diagrammatic  figures  of  Vol  x.  Plate  XXVL, 
in  which  the  arteries  are  represented  red,  and  the  veins  blue*. 

I  shall  follow  the  figures  on  this  plate  in  my  descriptions. 

Fig.  1  represents  my  earliest  stage  of  the  circulation  of  the 
yolk-sack.  At  this  stage  there  is  visible  a  single  aortic  trunk 
passing  forwards  from  the  embryo  and  dividing  into  two 
branches.  No  venous  trunk  could  be  detected  with  the  simple 
microscope,,  but  probably  venous  channels  were  present  in  the 
thickened  edge  of  the  blastoderm. 

In  fig.  2  the  circulation  was  greatly  advanced*.  The 
blastoderm  has  now  nearly  completely  enveloped  the  yolk, 
and  there  remains  only  a  small  circular  space  (yA?)  not  en- 

Journal,  pp.  418  and  419)  potentially,  at  any  rate,  enoirole  the  gnt  and  eneloee 
the  body-cavity  as  completely  as  ribs  which  meet  in  the  median  TentnU  line 
may  be  said  to  do  anteriorly. 

^  Memoirs  of  the  American  Academy  of  Arts  and  Sciences,  Vol.  ix. 

*  I  may  state  that  my  determinations  of  the  arrangement  of  the  oironlation 
were  made  by  actual  observation  of  the  flow  of  the  blood  under  the  microscope. 

^  My  figure  may  be  compared  with  that  of  Leydig,  Rochen  und  Baie,  Plate 
in.  fig.  6.  Leydig  calls  the  arterial  ring  the  sinus  terminalis  and  appears  to 
regard  it  as  venous,  but  his  description  is  so  short  that  this  point  is  not  quite 
clear. 
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closed  by  it.  The  arterial  trunk  is  present  as  before,  and 
divides  in  front  of  the  embryo  into  two  branches  which  turn 
backwards  and  nearly  form  a  complete  ring  round  the  embryo. 
In  general  appearance  it  resembles  the  sinus  terminalis  of 
the  area  vasculosa  of  the  Bird,  but  in  reality  bears  quite  a 
different  relation  to  the  circulation.  It  gives  oflF  branches  ^only 
on  its  inner  side. 

A  venous  system  of  returning  vessels  is  now  fully  de- 
veloped, and  its  relations  are  very  remarkable.  There  is  a 
main  venous  ring  round  the  thickened  edge  of  the  blastoderm, 
which  is  connected  with  the  embryo  by  a  single  stem  which 
runs  along  the  seam  where  the  edges  of  the  blastoderm  have 
coalesced.  Since  the  venous  trunks  are  only  developed  behind 
the  embryo,  it  is  only  the  posterior  part  of  the  arterial  ring 
which  gives  off  branches. 

The  succeeding  stage,  fig.  3,  is  also  one  of  considerable 
interest.  The  arterial  ring  has  greatly  extended,  and  now 
embraces  nearly  half  the  yolk,  and  sends  off  trunks  on  its 
inner  side  along  its  whole  circumference. 

More  important  changes  have  taken  place  in  the  venous 
system.  The  blastoderm  has  now  completely  enveloped  the 
yolk,  and  as  a  result  of  this,  the  venous  ring  no  longer  exists, 
but  at  the  point  where  it  vanished  there  may  be  observed  a 
number  of  smaller  veins  diverging  in  a  brush-like  fashion  from 
the  termination  of  the  unpaired  trunk  which  originally  con- 
nected the  venous  ring  with  the  heart  This  point  is  indicated 
in  the  figure  by  the  letter  y.  The  brush-like  divergence  of  the 
veins  is  a  still  more  marked  feature  in  a  blastoderm  of  a  suc- 
ceeding stage  (fig.  4). 

The  circulation  in  the  succeeding  stage  (fig.  4)  (projected 
in  my  figure)  only  differs  in  details  from  that  of  the  previous 
stage.  The  arterial  ring  has  become  much  larger,  and  the 
portion  of  the  yolk  not  embraced  {x)  by  it  is  quite  small. 
Instead  of  all  the  branches  from  the  ring  being  of  nearly 
equal  size,  two  of  them  are  especially  developed.  iThe  venous 
system  has  undergone  no  important  changes. 

In  fig.  5  the  circulation  is  represented  at  a  still  later  stage. 
The  arterial  ring  has  come  to  embrace  the  whole  yolk,  and  as 
a  result  of  this,  has  in  its  turn  vanished  as  did  the  venous  ring 
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before  it.  At  this  stage  of  the  circulation  there  is  present  a 
single  arterial  and  a  single  venous  trunk.  The  arterial  trunk  is 
a  branch  of  the  dorsal  aorta,  and  the  venous  trunk  originally 
falls  into  the  heart  together  with  the  subintestinal  or  splanch- 
nic vein,  but  on  the  formation  of  the  liver  enters  this  and 
breaks  up  into  capillaries  in  it.  The  venous  trunk  leaver  the 
body  on  the  right  side,  and  the  arterial  on  the  left. 

The  most  interesting  point  to  be  noticed  in  connection 
with  the  yolk-sack  circulation  of  Scyllium  is  the  fact  of  its 
being  formed  on  a  completely  different  type  to  that  of  Uie 
Amniotic  Vertebrates. 


The  Vascular  Glands. 

There  are  in  Scyllium  two  structures  which  have  gone 
under  the  name  of  the  suprarenal  body.  The  one  of  these 
is  an  unpaired  rod-like  body  lying  between  the  dorsal  aorta 
and  the  caudal  vein  in  the  region  of  the  posterior  end  of  the 
kidneys.  This  body  I  propose  to  call  the  interrenai  body.  The 
other  is  formed  by  a  series  of  paired  bodies  situated  dorsal  to 
the  cardinal  veins  on  branches  of  the  aorta,  and  arranged 
segmentally.  These  bodies  I  shall  call  the  suprarenal  bodies. 
I  propose  treating  the  literature  of  these  bodies  together,  since 
they  have  usually  been  dealt  with  in  this  way,  and  indeed  re- 
garded as  parts  of  the  same  system.  As  I  hope  to  shew  in 
the  sequel,  the  origin  of  these  bodies  is  very  different.  The 
interrenai  body  appears  to  be  developed  from  the  mesoblast; 
while  my  researches  on  the  suprarenal  bodies  confirm  the 
brilliant  investigations  of  Leydig,  shewing  that  they  are  formed 
out  of  the  sympathetic  ganglia. 

The  most  important  investigations  on  these  bodies  have 
been  made  by  Leydig\  In  his  first  researches,  Bochen  u.  Hate, 
pp.  71,  72,  he  gives  an  account  of  the  position  and  histology 
of  what  is  probably  my  interrenai  body'. 

1  Rcchen  und  Hate  and  Untemtehung.  U.  Fische  ti.  ReptiUejL 
'  I  do  not  feel  sure  that  Leydig's  onpaired  suprarenal  body  is  reaDy  my 
interrenai  body,  or  at  any  rate  it  alone.  The  point  could  no  donbt  easily  be 
settled  with  fresh  speoimens,  but  these  I  unfortunately  cannot  at  preisent  obtain. 
My  doabts  rest  partly  on  the  fact  that,  in  addition  to  my  interrenai  body,  other 
peculiar  masses  of  tissue  (which  may  be  called  lymphoid  in  lieu  of  a  better 
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The  position  and  relations  of  the  interrenal  body  vary  some- 
what  according  to  Leydig  in  different  cases.  He  makes  the  fol- 
lowing statement  about  its  histology.  "  Fat  molecules  form  the 
chief  mass  of  the  body,  which  causes  its  white,  or  ochre-yellow 
colour,  and  one  finds  freely  embedded  in  them  clear  vesicular 
nuclei."  He  then  proceeds  to  state  that  this  structure  is  totally 
dissimilar  to  that  of  the  Mammalian  suprarenal  body,  and  gives 
it  as  his  opinion  that  it  is  not  the  same  body  as  this.  In  his 
later  researches^  he  abandons  this  opinion,  and  adopts  the 
view  that  the  interrenal  body  is  part  of  the  same  system  as 
the  suprarenal  bodies  to  be  subsequently  spoken  of.  Leydig 
describes  the  suprarenal  bodies  as  paired  bodies  segmeutally 
arranged  along  the  ventral  side  of  the  spinal  column  situated 
on  the  successive  arterias  axUlares,  and  in  close  connection 
with  one  or  more  sympathetic  ganglia.  He  finds  them  formed 
of  lobes,  consisting  of  closed  vesicles  full  of  nuclei  and  cells. 
Numerous  nerve-fibres  are  also  described  as  present.  With 
reference  to  the  real  meaning  of  these  bodies  he  expresses  a 
distinct  view.  He  says',  "  As  the  pituitary  body  is  an  integral 
part  of  the  brain,  so  are  the  suprarenal  bodies  part  of  the 
sympathetic  system."  He  re-affirms  with  still  greater  emphasis 
the  same  view  in  his  Fiache  u.  Reptilim.  Though  these  views 
have  not  obtained  much  acceptance,  and  the  accuracy  of  the 
.histological  data  on  which  they  are  grounded  has  been  ques- 
tioned, yet  I  hope  to  shew  in  the  sequel  not  only  that  Leydig's 
statements  are  in  the  main  true,  but  that  development  proves 
his  conclusions  to  have  been  well  founded. 

Stannius  alludes'  to  both  these  bodies,  and  though  he  does 
not  contribute  much  to  Leydig's  pi*evious  statements,  yet  he 
accepts  Leydig's  position  with  reference  to  the  relation  of  the 
sympathetic  and  suprarenal  bodie8\ 

name)  are  certainly  present  around  some  of  the  larger  yeasels  of  the  kidneys 
which  are  not  identical  in  structure  and  development  with  my  interrenal  body, 
and  partly  that  Stannius*  statements  (to  be  alluded  to  directly)  rather  indicate 
the  existence  of  a  second  unpaired  body  in  connection  with  the  kidneys^ 
though  I  do  not  fuUy  understand  his  descriptions. 

^  FUche  u,  ReptilieTit  p.  14. 

'  Rochen  ii.  Haie^  p.  18. 

*  Vergleichende  AnaUmxe^  n.  Auflage. 

^  Stamiius'  description  is  not  quite  intelligible,  but  appears  to  point  to  the 
existence  of  a  third  kind  of  body  connected  with  the  kidney.  From  my  own 
observations  (vide  above),  I  am  inclined  to  regard  it  as  probable  that  such 
a  third  body  exists. 
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The  general  text-books  of  Histology,  KoUiker's  work,  and 
Eberth's  article  in  Strieker's  Histology,  do  not  give  much  in- 
formation on  this  subject ;  but  Eberth,  without  apparently 
having  examined  the  point,  questions  the  accuracy  of  Leydig's 
statements  with  reference  to  the  anatomical  relations  of  the 
sympathetic  ganglia  and  suprarenal  bodies. 

The  last  author  who  has  dealt  with  this  subject  is  Professor 
SemperS  He  records  observations  both  on  the  anatomy  and 
development  of  these  organs.  His  anatomical  observations  are 
in  the  main  confirmatory  of  those  of  Leydig,  but  he  shews  still 
more  clearly  than  did  Leydig  the  segmental  arrangement  of 
the  suprarenal  bodies.  He  definitely  regards  the  interrena] 
and  suprarenal  bodies  as  parts  of  the  same  system,  and  states 
that  in  many  forms  they  are  continuous  (p.  228) : 

"Hier  freilich  gehen  sie  bei  manchen  Formen...in  einen 
Korper  ueber,  welcher  zwischen  den  Enden  d.  beiden  Nieren 
liegend  dicht  an  der  einfachen  Caudalvene  sitzt." 

With  reference  to  their  development  he  says :  "  They  arise 
then  also  completely  independently  of  the  kidneys,  as  isolated 
segmentally  arranged  groups  of  mesoderm  cells  between  the 
convolutions  of  the  segmental  organs ;  only  anteriorly  do  they 
stretch  beyond  them,  and  extend  quite  up  to  the  pericardium." 

To  Semper's  statements  I  shall  return,  but  now  pass  on  to 
my  own  observations.  The  paired  suprarenal  bodies  are  dealt 
with  first. 

The  suprarenal  bodies, 

ft 
My  observations  on  thesQ  bodies  in  the  adult  Scyllium  have 

only  been  made  with  specimens  hardened  in  chromic  acid^  and 

there  are  many  points  which  deserve  a  fuller  investigation  than 

I  have  been  able  to  give  them. 

The  general  position  and  relations  of  the  suprarenal  bodies 

have   been  fully  given  by  Leydig  and  Semper,  and  I  have 

nothing  to  add   to  their  statements.     They  are  situated  on 

branches  of  the  aorta,  segmentally  arranged,  and  extend  on  each 

side  of  the  vertebral  column  from  close  behind  the  heart  to  the 

posterior  part  of  the  body-cavity.    The  anterior  pair  are  the 

^  UrogenitdUystem  d,  Plagioitomen,    Arh,  Zool.  ZooU  IfuU  z,  WUrxburg.ydL  a. 
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largest,  and  are  formed  apparently  from  the  fusion  of  two 
bodies\  When  these  bodies  are  examined  microscopically^  their 
connection  with  the  sympathetic  ganglia  becomes  at  once  ob- 
vious. Bound  up  in  the  same  sheath  as  the  anterior  one  is  an 
especially  large  ganglion  already  alluded  to  by  Leydig,  and 
sympathetic  ganglia  are  more  or  less  distinctly  developed  in 
connection  with  all  the  others.  There  is  however  considerable 
irregularity  in  the  development  and  general  arrangement  of 
the  sympathetic  ganglia^  which  are  broken  up  into  a  number  of 
small  ganglionic  swellings,  on  some  of  which  an  occasional  extra 
suprarenal  body  is  at  times  developed.  As  a  rule  it  may  be 
stated  that  there  is  a  much  smaller  ganglionic  development  in 
connection  with  the  posterior  suprarenal  bodies  than  with  the 
anterior. 

The  different  suprarenal  bodies  exhibit  variations  in  struc- 
ture mainly  dependent  on  the  ganglion  cells  and  nerves  in 
them,  and  their  typical  structure  is  best  exhibited  in  a  posterior 
one,  in  which  there  is  a  comparatively  small  development  of 
nervous  elements. 

A  portion  of  a  section  through  one  of  these  is  represented  on 
PL  XXV.  fig.  6,  and  presents  the  following  features.  Externally 
there  is  present  a  fibrous  capsule,  which  sends  in  the  septa,  im- 
perfectly dividing  up  the  body  into  a  series  of  alveoli  or  lobes. 
Penetrating  and  following  the  septa  there  is  a  rich  capillary 
network.  The  parenchyma  of  the  body  itself  exhibits  a  well- 
marked  distinction  in  the  majority  of  instances  into  a  cortical 
and  medullary  substance.  The  cortical  substance  is  formed  of 
rather  irregular  columnar  cells,  for  the  most  part  one  row  deep, 
arranged  round  the  periphery  of  the  body.  Its  cells  measure 
on  about  an  average  *03  Mm.  in  their  longest  diameter.  The 
medullary  substance  is  more  or  less  distinctly  divided  into 
alveoli,  and  is  formed  of  irregularly  polygonal  cells ;  and  though 
it  is  difficult  to  give  an  estimate  of  their  size  on  account  of 
their  irregularity,  '021  Mm.  may  be  taken  as  probably  about 
the  diameter  of  an  average  cell.  The  character  of  the  cortical 
and  medullary  cells  is  nearly  the  same,  and  the  cells  of  the  two 
strata  appear  rather  to  differ  in  shape  than  in  any  other  esson- 

1  There  is  a  "very  good  figure  of  them  in  Semper*8  paper,  PI.  xzi.  fig.  8. 
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tial  point.  The  protoplasm  of  both  has  a  markedly  yellow 
tinge,  giving  to  the  suprarenal  bodies  a  yellowish  brown  colour. 
The  nuclei  are  small  compared  to  the  size  of  the  cells,  being 
about  '009  Mm.  in  both  cortical  and  medullary  cells.  In  the 
anterior  suprarenal  body  there  is  a  less  marked  distinction 
between  the  cortical  and  the  medullary  layers,  and  a  less  pro- 
nounced yellow  coloration  of  the  whole,  than  in  the  posterior 
bodies.  The  suprarenal  bodies  are  often  partially  or  completely 
surrounded  by  a  lymphoid  tissue,  which  is  alluded  to  in  the 
account  of  their  development. 

The  most  interesting  features  of  my  sections  of  the  anterior 
bodies  are  the  relations  they  bring  to  light  between  the  sympa- 
thetic ganglia  and  the  suprarenal  bodiea  In  the  case  of  one  of 
the  posterior  suprarenal  bodies,  a  small  ganglion  is  generally 
found  attached  to  both  ends  of  the  body,  and  invested  in  the 
same  sheath ;  in  addition  to  this  a  certain  number  of  ganglion 
cells  (very  conspicuous  by  their  size  and  other  characters)  are 
to  be  found  scattered  through  the  body.  In  the  anterior  supra- 
renal bodies  the  development  of  ganglion  cells  is  very  much 
greater.  If  a  section  is  taken  through  the  region  where  the 
large  sympathetic  ganglion  (already  mentioned)  is  attached  to 
the  body,  one  half  of  the  section  is  composed  mainly  of  sympa- 
thetic ganglion  cells  and  nerve  fibres,  and  the  other  of  supra- 
renal tissue,  but  the  former  spread  in  considerable  numbers  into 
the  latter.  A  transverse  section  through  the  suprarenal  body  in 
front  of,  or  behind  this  point,  is  still  more  instructiva  One 
of  these  is  represented  in  PI.  xxv.  fig.  7.  The  suprarenal  tissue 
is  not  inserted,  but  fills  up  the  whole  space  within  the  outline 
of  the  body.  At  one  point  a  nerve  (n)  is  seen  to  enter.  In 
connection  with  this  are  a  number  of  ganglion  cells,  the  exact 
distribution  of  which  has  been  reproduced.  They  are  scattered 
irregularly  throughout  the  suprarenal  body,  but  are  more  con- 
centrated at  the  smaller  than  at  the  lai^e  end.  It  is  this  small 
end  which,  in  succeeding  sections,  is  entirely  replaced  by  a  sym- 
pathetic ganglion.  Wavy  fibres,  (which  I  take  to  be  nervous)  are 
distributed  through  the  suprarenal  body  in  a  manner  which, 
roughly  speaking,  is  proportional  to  the  number  of  ganglion 
cells.  At  the  large  end  of  the  body,  where  there  are  few  nerve 
cells,  the  typical  suprarenal  structure  is  more  or.  less  retained. 
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Where  the  nerve  fibres  are  more  numerous  at  the  small  end 
of  the  section,  they  give  to  the  tissue  a  somewhat  peculiar 
appearance,  though  the  individual  suprarenal  cells  retain  their 
normal  structure.  In  a  section  of  this  kind  the  ganglion  and 
nerves  are  clearly  so  intimately  united  with  the  suprarenal 
body  as  not  to  be  separable  from  it. 

The  question  naturally  arises  as  to  whether  there  are  cells 
of  an  intermediate  character  between  the  ganglion  cells  and 
the  cells  of  the  suprarenal  body.  I  have  not  clearly  detected 
any  such,  but  my  observations  are  of  too  limited  a  character  to 
settle  the  point  in  an  adverse  sense. 

The  embryological  part  of  my  researches  on  these  bodies 
is  in  reality  an  investigation  of  later  development  of  the 
sympathetic  ganglia.  The  earliest  stages  in  the  development 
of  these  have  already  been  given\  and  I  take  them  up  here 
as  they  appear  during  stage  L,  and  shall  confine  my  descrip- 
tion to  the  changes  they  undergo  in  the  anterior  part  of  the 
trunk.  They  form  during  stage  L  irregular  masses  of  cells  with 
very  conspicuous  branches  connecting  them  with  the  spinal 
nerves  (PL  xxiv.  fig.  2).  There  may  be  noticed  at  intervals 
solid  rods  of  cells  passing  from  the  bodies  to  the  aorta,  PL  xxiv. 
fig.  2.  These  rods  are  the  rudiments  of  the  aortic  branches  to 
which  the  suprarenal  bodies  are  eventually  attached. 

In  a  stage  between  M  and  N  the  trunks  connecting  these 
bodies  with  the  spinal  nerves  are  much  smaller  and  less  easy  to 
see  than  during  stage  L.  In  some  cases  moreover  the  nerves 
appear  to  attach  themselves  more  definitely  to  a  central  and 
inner  part  of  the  ganglia  than  to  the  whole  of  them.  This  is 
shewn  in  PL  xxv.  fig.  8,  and  I  regard  it  as  the  first  trace  of 
a  division  of  the  primitive  ganglia  into  a  suprarenal  part  and  a 
ganglionic  part.  The  branches  firom  the  aorta  have  now  a 
definite  lumen,  and  take  a  course  through  the  centre  of  these 
bodies,  as  do  the  aortic  branches  in  the  adult. 

By  stage  0  these  bodies  have  acquired  a  distinct  mesoblastic 
investment,  which  penetrates  into  their  interior,  and  divides  it, 
-especially  in  the  case  of  the  anterior  bodies,  into  a  number  of 
distinct  alveoli.     These  alveoli  are  far  more  distinct  in  some 

1  AnUa,  pp.  438,  439. 
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parts  of  the  bodies  than  in  others.  The  nerve-trunks  uniting 
the  bodies  with  the  spinal  nerves  are  (at  least  in  specimens 
hardened  in  picric  and  chromic  acids)  very  diflBcult  to  see,  and 
I  have  failed  to  detect  that  they  are  connected  with  special 
parts  of  the  bodies,  or  that  the  separate  alveoli  differ  much  a.s 
to  the  nature  of  their  constituent  cells.  The  aortic  branches  to 
the  bodies  are  larger  than  in  the  previous  stage,  and  the  bodies 
themselves  fairly  vascular. 

By  stage  Q  (PL  xxv.  fig.  9)  two  distinct  varieties  of  cells 
are  present  in  these  bodies.  One  of  these  is  large,  angular,  and 
strikingly  resembles  the  ganglion  cells  of  the  spinal  nerves  at 
the  same  period.  This  variety  is  found  in  separate  lobules  or 
alveoli  on  the  inner  border  of  the  bodies.  I  take  them  to  be 
true  ganglion  cells,  though  I  have  not  seen  them  in  my  sections 
especially  connected  with  the  nerves.  The  cells  of  the  second 
variety  are  also  aggregated  in  special  lobules,  and  are  very 
markedly  smaller  than  the  ganglionic  cells.  They  form,  I 
imagine,  the  cells  of  the  true  suprarenal  tissue.  A.t  this  and 
the  earlier  stage  lymphoid  tissue,  like  that  surrounding  the 
suprarenal  bodies  in  the  adult,  is  found  adjacent  to  these 
bodies. 

Stage  Q  forms  my  last  embryonic  stage,  and  it  may  perhaps 
be  asked  on  what  grounds  I  regard  these  bodies  as  suprarenal 
bodies  at  all  and  not  as  simple  sympathetic  ganglia. 

My  determination  mainly  rests  on  three  grounds :  (1)  That 
a  branch  from  the  aorta  penetrates  these  bodies  and  maintains 
exactly  the  same  relations  to  them  that  the  same  branches  of 
the  aorta  do  in  the  adult  to  the  true  suprarenal  bodies.  (2)  That 
the  bodies  are  highly  vascular.  (3)  That  in  my  last  stage  they 
become  divided  into  a  ganglionic  and  a  non-ganglionic  part, 
with  the  same  relations  as  the  ganglia  and  suprarenal  tissue  in 
the  adult.  These  grounds  appear  to  me  to  afford  ample  justifica- 
tion for  my  determinations,  and  the  evidence  adduced  above 
appears  to  me  to  render  it  almost  certain  that  the  suprarenal 
tissue  is  a  product  of  the  primitive  ganglion  and  not  introduced 
from  without,  though  it  is  not  to  be  denied  that  a  more  com- 
plete investigation  of  this  point  than  it  has  been  possible  for 
me  to  make  would  be  very  desirable. 

Professor  Semper  states  that  he  only  made  a  very  slight 
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embryological  investigation  of  these  bodies,  and  probably  has 
only  carefully  studied  their  later  stages.  He  has  accordingly 
overlooked  the  branches  connecting  them  with  the  spinal  nerves, 
and  has  not  therefore  detected  the  fact  that  they  develope  as 
parts  of  the  sympathetic  nervous  system.  I  feel  sure  that  if  he 
re-examines  his  sections  of  younger  embryos  he  will  not  fail  to 
discover  the  nerve-branches  described  by  me.  His  descriptions 
apart  from  this  point  accord  fairly  well  with  my  own.  The 
credit  of  the  discovery  that  these  bodies  are  really  derivatives 
of  the  sympathetic  nervous  system  is  entirely  Leydig's :  my 
observations  do  no  more  than  confirm  his  remarkable  obser- 
vations and  well-founded  conclusions. 

IntetTenal  body. 

My  investigations  on  the  interrenal  body  in  the  adult  are 
even  less  complete  than  those  on  the  suprarenal  bodies,  I  find 
the  body  forming  a  small  rod  elliptical  in  section  in  the  poste- 
rior region  of  the  kidney  between  the  dorsal  aorta  and  unpaired 
caudal  vein.  Some  little  distance  behind  its  front  end  (and 
probably  not  at  its  thickest  point)  it  measured  in  one  example, 
of  which  I  have  sections,  a  little  less  than  a  millimetre  in  its 
longest  diameter.  Anteriorly  it  overlaps  the  suprarenal  bodies, 
and  I  failed  to  find  any  connection  between  them  and  it.  On 
this  point  my  observations  do  not  accord  with  those  of  Professor 
Semper.  I  have  however  only  been  able  to  examine  hardened 
specimena 

It  is,  vide  PI.  xxrv.  fig.  8,  invested  by  a  fairly  thick  tunica 
propria,  which  sends  in  septa,  dividing  it  into  rather  well- 
marked  lobules  or  alveoli.  These  are  filled  with  polygonal 
cells,  which  form  the  true  parenchyma  of  the  body.  These  cells 
are  in  my  hardened  specimens  not  conspicuous  by  the  number 
of  oil-globules  they  contain,  as  might  have  been  expected  from 
Leydig's  description \  They  are  rather  granular  in  appearance, 
and  are  mainly  peculiar  from  the  somewhat  large  size  of  the 
nucleus.  The  diameter  of  an  average  cell  is  about  '01 5  Mm., 
and  that  of  the  nucleus  about  '01  to  '012.     The  nuclei  are 

^  Perhaps  the  body  I  am  describing  is  not  identical  with  Leydig*s  posterior 
suprarenal  body.  I  do  not,  as  mentioned  above,  feel  satisfied  that  it  is  so  from 
Leydig^s  description. 
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remarkably  granular.    The  septa  of  the  body  are  provided  with 
a  fairly  rich  capillary  network. 

At  the  first  glance  there  is  some  resemblance  in  struc- 
ture between  the  tissues  of  the  suprarenal  and  interrenal 
bodies,  but  on  a  closer  inspection  this  resemblance  resolves 
itself  into  both  bodies  being  divided  up  into  lobules  by 
connective-tissue  septa.  There  is  in  the  interrenal  body  no 
distinction  between  cortical  and  medullary  layers  as  in  the 
suprarenal  The  cells  of  the  two  bodies  have  very  diJSerent 
characters,  as  is  demonstrated  by  a  comparison  of  the  rela- 
tive diameters  of  the  nuclei  and  the  cells.  The  cells  of  the 
suprarenal  bodies  are  considerably  larger  than  those  of  the 
interrenal  ('021  to  '03  as  compared  to  '015),  yet  the  nuclei 
of  the  larger  cells  of  the  former  body  do  not  equal  in  size 
those  of  the  smaller  ceUs  of  the  latter  ('009  as  compared  to 
•01). 

My  observations  both  on  the  coarser  anatomy  and  on  the 
histology  of  the  interrenal  body  in  the  adult  point  to  its 
being  in  no  way  connected  with  the  suprarenal  bodies, 
and  are  thus  in  accordance  with  the  earlier  and  not  the 
later  views  of  Leydig. 

The  embryology  of  this  body  (under  the  title  of  suprarenal 
body)  was  first  described  in  my  preliminary  account  of  the 
development  of  the  Elasmobranch  Fishes^.  A  short  account 
of  its  embryonic  structure  was  given,  and  I  stated  that  although 
I  had  not  fully  proved  the  point,  yet  I  believed  it  to  be 
derived  from  the  wall  of  the  alimentary  canal  As  will  be 
shewn  in  the  sequel  this  belief  was  ill-founded,  and  the  oigan 
in  question  is  derived  from  the  mesoblast.  Allusion  has  also 
been  made  to  it  by  Professor  Semper,  who  figures  it  at  an 
early  stage  of  development,  and  implies  that  it  arises  in  the 
mesoblast  and  in  connection  with  the  suprarenal  body.  It 
appears  at  stage  K  as  a  rod- like  aggregate  of  mesoblast  cells, 
rather  more  closely  packed  than  their  neighbours,  between  the 
two  kidneys  near  their  hinder  ends  (Plate  V.  fig.  9a,  8u).  The 
posterior  and  best  marked  part  of  it  does  not  extend  further 
forwards    than  the  front    end    of   the  large    intestine,    and 

^  Quarterly  Journal  of  Microscopic  Science ,  October,  1874. 
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reaches  backwards  nearly  as  far  as  the  hinder  end  of  the 
kidneys.  This  part  of  the  body  lies  between  the  caudal  vein 
and  dorsal  aorta. 

At  about  the  point  where  the  unpaired  caudal  vein 
divides  into  the  two  cardinals,  the  interrenal  body  becomes 
less  well  marked  oflF  from  the  surrounding  tissue,  though  it 
may  be  traced  forward  from  a  considerable  distance  in  the 
region  of  the  small  intestine.  It  retains  up  to  stage  Q  its 
original  extension,  but  the  anterior  part  becomes  quite  de- 
finite though  still  of  a  smaller  calibre  than  the  posterior. 
In  one  of  my  examples  of  stage  0  the  two  divisions  were 
separated  by  a  small  interval,  and  not  as  in  other  cases 
continuous.  I  have  not  determined  whether  this  was  an 
accidental  peculiarity  or  a  general  feature.  I  have  never 
seen  any  signs  of  the  interrenal  body  becoming  continuous 
with  the  suprarenal  bodies,  though,  as  in  the  adult,  the  two 
bodies  overlap  for  a  considerable  distance. 

The  histology  of  the  interrenal  body  in  the  embryonic  periods 
is  very  simple.  At  first  it  is  formed  of  cells  differing  from  those 
around  in  being  more  circular  and  more  closely  packed.  By 
stage  L  its  cells  have  acquired  a  character  of  their  own.  They 
are  still  spherical  or  oval,  but  have  more  protoplasm  than 
before,  and  their  nucleus  becomes  very  granular.  At  the  same 
time  the  whole  body  becomes  invested  by  a  tunic  of  spindle- 
shaped  mesoblast  cells.  By  stage  O  it  begins  to  be  divided 
into  a  number  of  separate  areas  or  lobes  by  septa  formed 
of  nucleated  fibres.  These  become  more  distinct  in  the  suc- 
ceeding stages  up  to  Q  (PI.  xxiv.  fig.  7),  and  in  them  a 
fair  number  of  capillaries  are  formed. 

From  the  above  description  it  is  clear  that  embryology 
lends  no  more  countenance  than  does  anatomy  to  the  view 
that  the  interrenal  bodies  belong  to  the  same  system  as  the 
suprarenal,  and  it  becomes  a  question,  with  which  (if  of  either) 
of  these  two  bodies  the  suprarenal  bodies  of  the  higher  Verte- 
brata  are  homologous.  This  question  I  shall  not  attempt  to 
answer  in  a  definite  way.  My  own  decided  belief  is  that  the 
suprarenal  bodies  of  Scyllium  are  homologous  with  the  supra-^ 
renal  bodies  of  Mammalia,  and  a  good  many  points  both  in 
their  structure  and  position  might  be  urged  in  favour  of  this 
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view.  Id  the  mean  time,  however,  it  appears  to  me  better  to 
wait  before  expressing  a  definite  opinion  till  the  embryonic 
development  of  the  suprarenal  bodies  has  been  worked  out  in 
the  higher  Vertebrata. 


EXPLANATION  OF  PLATE  XXIV. 


Complete  list  qf  r^erence  letters. 

Nervous  System. 

sy.  g.  sympathetic  ganglioiL       sp,  n.  spinal  Denre. 

p  r,  posterior  root  of  spinal  nerve.        a  r.  anterior  root  of  spinal  nerve. 

n,  c,  neural  canaL 

Alimentahy  Gakal. 

a/,  alimentary  canal.        um.  e,  umbilical  canaL 
hp.d,  ductus  clioledochus.        du,  duodenum.       pan.  pancreas. 
sp.  9.  intestine  with  rudiment  of  spiral  valve.        s.  ces.  solid  osopbagns. 
oL  V.  caudal  vesicle  of  the  postanal  gut.        d.  al.  doacal  section  of  ali- 
mentary canaL 

General. 

mp.  muscle-plata 

mpJ.  muscle-plate  sending  a  prolongation  into  the  limb. 

s  t.  8^;mental  tube.        s  d,  segmen&l  duct.       ca  9.  cardinal  vein. 

V,  cau.  caudal  vein.        ao.  dorsal  aorta.        aur,  auricle  of  heart 

c7l  notochord.       p  o,  primitive  ovum.        tV.  interrenal  body. 

pp,  body-cavity.        ep.pp.  epithelial  lining  of  the  body-cavity. 

me,  mesentery*        t,  s,  Udl  swelling.       x,  subnotochordal  rod. 

I^g,  1.  Transverse  section  through  the  anterior  abdominal  region  of 
an  embryo  of  a  stage  between  K  and  L.  Zeiss  B,  ocaL  2.  Reduced 
one-third. 

The  section  illustrates  the  junction  of  a  sympathetic  ganglion  with  a 
spiufd  nerve  and  the  sprouting  of  the  muscle-plates  into  the  limbs  (mp.  L), 

Fig.  2.  Transverse  section  through  the  abdominal  re^on  of  an  embryo 
belonging  to  sta^  L.    Zeiss  B,  ocuL  2.    Reduced  one- third. 

The  section  illustrates  the  junction  of  a  s^mpatlietic  ganglion  with  a 
spinal  nerve,  and  also  the  commencing  formation  of  a  branch  from  the 
aorta  (still  solid)  which  will  pass  through  the  sympathetic  ganglion,  and 
forms  the  first  sign  of  the  conversion  of  part  of  a  sympathetic  ganglion  into 
one  of  the  suprarenal  bodies. 

Fig.  3.  Longitudinal  and  vertical  section  of  an  embryo  of  a  stage 
between  L  and  M,  shewing  the  successive  junctions  of  the  spinal  nerves 
and  sympathetic  ganglia. 

Fig.  4  Section  through  the  solid  oesophagus  during  stage  L.  Zeiss 
A,  ocul.  1.  The  section  is  taken  through  the  region  of  the  hearty  so  that 
the  cavity  of  the  auricle  (aur)  lies  immediately  below  the  oesophagus. 
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Fig,  5.  Optical  section  of  the  tail  of  an  embryo  between  stages  I  and 
E,  shewing  the  junction  between  the  neural  and  alimentary  canals. 

Fig.  6.  Fonr  sections  through  the  caudal  region  of  an  embryo  belong- 
ing to  stage  E,  shewing  the  condition  of  the  postanal  section  of  the 
alimentary  tract.  Zeiss  A^  ocuL  2,  An  explanation  of  these  figures  is  given 
on  p.- 677. 

Fig,  7.  Section  through  the  interrenal  body  of  a  Scyllium  embryo 
belonging  to  stage  Q.    Zeiss  C,  ocul.  2. 

Fig.  a  Portion  of  a  section  of  the  interrenal  body  of  an  adult 
Scyllium.    Zeiss  0,  ocuL  2. 


EXPLANATION  OF  PLATE  XXV. 
Complete  list  qf  rtference  letten, 
Nbryoub  St0tbm. 
tp.  n,  spinal  nerve.       ty.  g,  sympathetic  ganglion.       n.  nerre. 

Alimentary  Canal. 

eL  cloaca.       m.  el.  doacal  involution.       os.  ep.  oosophageal  epithelium. 
ih.  thyroid  body.       pan.  pancreas. 

General. 

pp.  body  cavity.       ea.  v.  cardinal  vein.        cau.  p.  caudal  vein. 
V.  ao.  ven^ul  aorta  (anterior  continuation  of  bulbus  arteriosus). 
aur.  auricle.       ven.  ventricle.       w.  d.  Wol£San  duct       o.  d.  oviduct. 
ti.  ureter.       ab.p.  abdominal  {)ocket  (pore).         p  c.  pericardium. 
m.m.  muscles.       «  r.  suprarenal  body.       /y.  lymphoid  tissue. 

Fig.  la,  lb,  1  e.  Three  sections  through  the  cloacal  region  of  an 
embryo  belonging  to  stage  0.  Fig.  1  a  is  the  anterior  of  the  three  sections. 
Zeiss  A,  ocuL  2.    Reduced  one-third. 

Fig.  la  shews  the  cloacal  involution  at  its  deepest  part  abutting 
on  the  cloacal  section  of  the  alimentary  tract 

Fig.  1  &  is  a  section  through  a  point  somewhat  behind  this  close  to  the 
opening  of  the  Wolffian  ducts  into  the  cloaca. 

Fig.  1  c  shews  the  opening  to  the  exterior  in  the  posterior  part  of  the 
;  doaca,  and  also  the  rudiments  of  the  two  abdominal  [K>ckets  {ah.  p.). 

Fig.  2l  Section  through  the  cloacal  region  of  an  embryo  belonging  to 
stase  P.    Zeiss  A,  ocuL  2. 

The  figure  shews  the  solid  anterior  extremity  of  the  cloacal  involution. 

Fig.  3.  Longitudinal  vertical  section  through  the  thyroid  body  in  a 
stage  between  0  and  P.    Zeiss  aa,  ocul.  1. 

The  figure  shews  the  solid  thyroid  body  (<^.^  connected  in  front  with 
throat)  and  terminating  below  the  bulbus  arteriosus. 

I  Fig.  4.  Pancreas  (pan)  and  acUoining  part  of  the  alimentary  tract  in 

i  longitudinal  section,  from  an  embryo  between  stages  L  and  M.    Zeiss  A, 

^  ocuL  2. 

Fig.  5.  ^  Portion  of  liver  network  of  stage  L.    Zeiss.  C  ocul.  2.    The 

section  is  intended  to  illustrate  the  fact  that  the  tubules  or  cylinders  of 

which  the  liver  is  composed  are  hollow  and  not  solid.    Between  the  liver 

tubules  are  seen  blood  spaces  with  distinct  walls,  and  blood  corpuscles  in 

[         their  interior. 
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Fig.  6.  Section  through  part  of  one  of  the  suprarenal  bodies  of  an 
adult  Scyllium  liardened  in  chromic  acid.  Zeiss  0,  ocul.  2.  The  eectioii 
shows  the  columnar  cells  forming  the  cortex  and  the  more  polygonal  cells 
of  the  medulla. 

Fig,  7.  Transyerse  section  through  the  anterior  suprarenal  body  of  an 
adult  Scyllium.  Zeiss  B,  ocuL  2.  B^uced  one-third.  The  tisgoe  of  the 
suorarenal  body  has  not  been  filled  in,  but  only  the  sympathetic  ganglion 
ceus  which  are  seen  to  be  irr^^larly  scattered  through  the  subSanoe  of 
the  body.  The  entrance  of  the  nenre  (n)  Is  shewn,  and  indications  are 
given  of  the  distribution  of  the  nerve-fibres. 

Fig,  8.  Section  through  the  sympathetic  ganglion  of  a  Bcylliam  embnro 
between  stages  M  and  N,  shewing  the  connecting  trunk  between  the 
suprarenal  body  and  the  spinal  nerve  (jp.  n,\  and  the  appearance  of 
an  indication  in  the  canglion  of  a  portion  more  directly  connected  wiUi  the 
nerve.    Zeiss  1),  ocful  2. 

Fig,  9.  Section  through  one  of  the  anterior  sympathetic  ganglia  of  an 
embryo  of  stage  Q,  shewing  its  division  into  a  true  gangUoBic  portion  (jy.  g,\ 
and  a  suprarenal  body  {$  9*).    Zeiss  C,  ocuL  2. 
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ON  THE  QUANTITATIVE  RELATION  OF  LIGHT  TO 
SENSATION.— A  CONTRIBUTION  TO  THE  PHYSI- 
OLOGY OF  THE  RETINA.— %  B.  Thompson  Lowne, 
F.R.C.S.,  Arris  and  OcUe  Lectu/rer  on  Anatomy  and  Physi'- 
ology  in  the  Royal  College  of  Surgeons,  Lecturer  on  Physic 
ology  at  the  Middlesex  Hospital;  Ophthalmic  Surgeon  to  the 
Great  Northern  Hospital, 

Nearly  two  years  ago,  my  attention  was  strongly  directed  to 
Fechner's  law  by  the  important  researches  of  Mr  Dewar  and 
Dr  M'Kendrick,  and  I  was  thus  led  to  undertake  a  series  of 
investigations  on  the  relation  between  sensation  and  stimulus^ 
in  the  case  of  light  and  the  retina. 

Fechner,  as  is  well  known,  regards  the  numerical  relation, 
between  a  stimulus  and  the  resulting  sensation,  as  a  loga- 
rithmic one ;  that  is  to  say,  if  the  strength  of  the  stimulus  be 
represented  by  a  number,  the  corresponding  sensation  will  be 
represented  by  some  multiple  of  its  logarithm. 

The  nature  of  this  relation  is  most  easily  realised  by  draw- 
ing a  logarithmic  curve,  when  the  abscissas  will  be  propor- 
tionate to  the  stimuli  and  the  ordinates  to  the  corresponding 
sensations. 

Fechner  arrived  at  this  relation  by  considering  a  sensation 
as  the  sum  of  a  series  of  increments,  each  resulting  from  a 
corresponding  increment  of  stimulus.  The  law  of  the  increase 
of  the  stimidus  being  well  known  to  be  that  every  successive 
increment  must  be  proportionate  to  the  already  existing  stimu- 
lus ;  for  instance,  in  the  case  of  light,  no  increase  in  the  al- 
ready existing  stimulus  produces  any  change  in  the  sensation 
unless  it  is  equal  to  at  least  -j^  of  the  intensity  of  the  stimulus 
in  action  at  the  time.  These  conditions  are  represented  by 
him  in  the  following  equations  : 


—  =  A^, 

i  X 


I 
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where  x  represents  the  strength  of  the  stimulus  and  8  the 
intensity  of  the  sensation ;  and  by  integration 

which  is  Fechner's  law. 

There  is,  however,  a  very  important  difficulty  in  adopting 
Fechner's  formula,  which,  so  far  as  I  am  aware,  has  not  been 
hitherto  pointed  out :  it  is  this,  the  increments  to  the  sensation 
are  evidently  supposed  to  be  equal  increments  and  to  bear  no 
definite  relation  to  the  already  existing  sensation ;  whilst  all 
ordinary  stimuli  are  very  far  removed  from  the  liminal  stimu- 
lus :  hence  if  Fechner's  formuls^  really  represented  the  true 
value  of  a  sensation,  all  ordinary  sensations  should  consist  of 
a  vast  number  of  perceptible  increments ;  and  by  ordinary  day- 
light we  ought  to  be  able  to  distinguish  a  vastly  greater 
number  of  shades  of  grey  between  black  and  white  than  we 
can  by  the  light  of  a  lamp  or  an  ordinary  candle.  Now^  as 
any  one  can  soon  convince  himself,  this  is  not  the  case;  an 
engraving  has  a  very  few  gradations  of  shade  in  it,  generally 
not  more  than  a  dozen,  and  it  has  nearly  the  same  appearance 
with  very  different  degrees  of  illumination. 

There  can  be  no  doubt  that  the  smallest  possible  increment 
of  sensation  bears  a  definite  relation  to  the  sensation  already 
existing ;  that  it  must  be  regarded  as  a  variable  increment,  a 
function  of  the  sensation,  and  not  as  a  small  unit  factor  the  same 
in  magnitude  for  all  sensations.  M.  Plateau,  I  suspect  from 
similar  considerations,  although  I  have  not  been  able  to  find 
the  grounds  on  which  he  based  his  conclusions,  gives  the  fol- 
lowing formula:  8^  Cfc' ,  where  p  is  less  than  unity,  x  the 
intensity  of  the  illumination,  and  G  a  constant^ 

And  this,  as  I  shall  now  endeavour  to  shew,  agrees  with  the 
results  of  my  own  investigations. 

It  occurred  to  me  that  the  best  method  of  measurement 
would  be  to  compare  the  effect  of  variable  stimuli  applied 
to  the  elements  of  the  retina  with  a  constant  stimulus  applied 
to  a  given  proportion  of  the  elements,  on  a  given  surface  of 
the  retina.  I  had  the  honour  of  publishing  the  results  of 
these  experiments  in  the  Proceedings  of  the  Royal  Society*. 

1  BulUtin  Belgique,  1872.  •  Proe.  R.  Soe.  1877. 
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The  method  adopted  was  as  follows.  I  used  a  ruled  surface 
with  a  known  proportion  of  reserved  white  in  it;  this  was 
illuminated  by  the  light  from  two  equal  paraffin  candles, 
placed  at  different  distances  from  it,  and  its  tint  was  compared 
with  that  of  a  shadow,  thrown  by  an  opaque  body,  upon  the 
whit^  paper  at  the  edge  of  the  ruled  surface,  the  candles  being 
so  arranged  that  the  light  from  one  of  them  illuminated  the 
shadow,  whilst  that  from  both  illuminated  the  ruled  surface 
and  the  white  paper  surrounding  it.  The  shadow  was  then 
rendered  equal  in  tint  with  the  ruled  surface,  as  in  Lambert's 
well-known  experiment,  by  altering  the  distance  of  one  of  the 
candles;  and  the  relative  illumination  of  the  shadow  to  the 
white  surface  surrounding  it  was  determined  by  the  distances 
of  the  candles.  I  found  that  the  proportion  of  the  reserved 
white  in  the  ruled  surface  always  varied  as  the  square  root  of 
the  intensity  to  which  the  illumination  of  a  wholly  white 
surface  had  to  be  reduced  to  match  it. 

I  found  for  instance  that  when  the  candles  were  placed 
at  the  distances  of  two  and  four  feet  respectively,  the  lighter 
shadow,  or  that  illuminated  by  the  nearer  candle,  corresponded 
to  a  shaded  surface  in  which  -^  was  black,  and  the  darker  was 
somewhat  darker  than  a  surface  half  covered  by  black  lines. 

Considering  the  light  thrown  on  the  screen  by  the  nearer 
candle  to  have  the  value  of  100  units,  that  of  the  more  remote 
candle  would  be  25  units.  The  total  illumination  was  there- 
fore 125  units;  that  of  the  darker  shadow  25,  and  that  of 
the  brighter  100  units :  these  intensities  were  similar  to  those 

1  1 

of  surfaces  illuminated  by  125  units  in  which  =^  and  =r-s  of 

•^  10  2*3 

the  light  was  absorbed  by  black  lines\ 

The  sensations  produced  therefore  by  the  surfaces  having 

the  ratios  of  illumination 

20  :  80  :  100 

taking  ^  of  the  above  numbers,  corresponded  to  those  from  the 
surfaces  in  which 

l!?     A     12 
10'    10'   10 

^  The  decimals  were  estiinated,  not  meaBured. 
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ivere  white :  or  as  4*2  :  9  :  10,  the  square  roots  of  the  luminous 
intensities  in  the  former  case. 

A  number  of  experiments  gave  the  same  results  with  suf- 
ficient accuracy  to  establish  the  law  that  sensations  measured 
by  this  method  correspond  in  intensity  to  the  square  roots 
of  the  luminous  intensities. 

In  my  earlier  experiments  I  assumed  that  the  number  of 
retinal  elements  stimulated  by  any  given  surface  varies  as  the 
amount  of  the  surfkce  left  uncovered  by  the  black  lines  ruled 
upon  it.  Of  course  tbis  is  only  the  case  when  an  accurate 
picture  is  made  upon  the  retina  of  such  a  size  that  the  lines 
and  spaces  ftdl  on  physiologically  distinct  elements ;  the  lines 
need  not  be  mentally  distinguished,  but  are,  I  believe,  always 
capable  of  being  distinguished  as  lines  by  a  mental  act 

Professor  Stokes  first  pointed  out  to  me  the  necessity  of 
proving  that  in  my  experiments  such  a  picture  is  actuallj 
formed,  and  of  investigating  the  effect  when  the  lines  no  longer 
produce  a  perfect  picture,  but  become  diffiised  so  as  to  give 
what  is  physiologically  equivalent  to  a  shadow.  He  pointed 
out  that  if  I  were  right,  such  a  surface  should  be  fainter  in 
shade — ^that  is,  it  should  appear  brighter  than  a  ruled  surfSsuse. 

I  found  this  a  by  no  means  easy  question  to  settle ;  but 
I  easily  convinced  myself  that  a  ruled  surface  seen  slightly 
out  of  focus,  or  by  an  astigmatic  eye,  appears  lighter  than  when 
accurately  focused ;  and  this  appears  to  be  the  case  in  surfiices 
of  considerable  extent,  so  that  it  could  not  be  due  to  the 
formation  of  a  slightly  larger  picture.  A  distant  newspaper 
scarcely  differs  in  appearance  from  a  corresponding  sheet  of 
white  paper,  and  two  similar  prints  observed  at  suitable  dis- 
tances give  different  tints ;  the  further  one,  when  it  no  longer 
produces  a  distinct  picture  of  the  individual  lines,  appears  lighter 
in  tone.  Still  I  did  not  feel  quite  satisfied  until  I  succeeded  in 
having  the  accompanying  diagram  ruled  for  me. 

The  squares  a  and  6,  c  and  d  have  respectively  the  same 
proportion  of  black  upon  the  surface :  a  and  h  are  \  black,  o 
and  d  half  black.  At  suitable  distances  the  following  sensa- 
tions result: — So  loug  as  all  the  lines  are  distinct  there  are 
four  distinct  shades ;  h  and  d  appear  darker  than  a  and  c  re- 
spectively.   When  the  diagram  is  seen  at  a  distance  of  from 
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15  to  20  feet,  c  and  d  become  identical  in  shade  and  can  no 
longer  be  separated,  but  b  still  appears  much  darker  than  a. 
At  a  still  greater  distance  there  are  but  two  shades ;  and  these 
remain  distinct  so  long  as  the  diagram  can  be  distinguished : 
the  illumination  is  really  ditFerent;  and  no  distance  makes  the 
sensation  the  same. 


I  therefore   conclude   that  the  intensity  of  a  sensation  is 
represented  by  the  formula 

where  8  represents  the  intensity  of  the  sensation  and  x  that  of 
the  stimulus :  this  is  clearly  only  a  special  form  of  M.  Plateau's 
law. 

The  differential  coefficient  will  of  course  be  represented 

by  -T=  instead  of  —  as  in  Fechner's  equation. 

Ax 
It  is  true  that  the  ratio  —  is  that  which  gives  the  liminal 

increment  of  sensation,  but  it  is  au  assumption  to  say  that  this 
is  a  unit  increment  independent  of  the  already  existing  sensa- 
tion. If  we  use  a  different  definition  and  suppose  that  the 
perceptible  increment  varies  as    a   function    of  the  already 
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existing  sensation,  it  appears  to  me  that  the  faots  are  correctlj 
expressed.  That  is,  we  consider  the  increment  added  to  or 
subtracted  from  the  existing  sensation  as  a  geometrical  and 
not  an  arithmetical  term. 

In  other  words  Fechner  makes  the  assumption  that  the 
lengths  of  the  ordinates  of  the  curve  representing  our  sensations 
increase  by  a  unit  increment  corresponding  to  each  liminal 
increment  of  sensation ;  that  is,  he  defines  a  liminal  increment 
of  sensation  to  have  the  same  value  whatever  the  existing 
sensation :  there  is  nothing,  however,  in  the  conditions  of  the 
problem  to  determine  this  value  without  additional  data  which 
Fechner  did  not  possess :  the  measurement  of  the  sensations 
alone  can  afford  these  data,  and  give  the  actual  value  of  the 
ordinates. 

It  appears  to  me  that  the  eiTor  in  Fechner's  law  arises  from 

his  having  transformed  the  fraction  — ,  which  may  be  re- 
garded as  the  expression  of  a  physiological  fact  (i.e.  that  the  value 
of  an  increment  of  stimulus  must  have  a  certain  value,  which 
is  a  constant  ratio  to  the  stimulus,  in  order  that  a  difference  of 
sensation  should  result),  into  a  variable  representing  the  rate  of 
increase  of  the  sensation  produced. 

If  the  formula  I  have  adopted  is  used,  the  number  of  per- 
ceptible increments  in  any  sensation  will  vary  as  a  simple  multiple 
of  the  square  root  of  the  intensity  of  the  stimulus,  producing 

it,  instead  of  being  equal  to  ^ ^y* a  very  large  number 

when  the  stimulus  is  large  in  comparison  ^'itix  the  liminal 
stimulus.  The  estimation  of  the  number  of  perceptible  in- 
crements of  sensation  is  attended  with  great  difficulties,  but 
from  the  examination  of  the  number  of  shades  which  can  be 
appreciated  with  various  intensities  of  illumination,  I  find  that 
it  varies  inversely  as  the  distance  of  the  source  of  light  when 
the  illuminating  source  remains  unaltered. 

I  thought  it  would  be  desirable  to  attempt  the  estimation  of 
the  effect  of  light  of  considerable  intensity  on  the  nerve-elements 
of  the  retina;  since  Fechner's  formula  rests  for  its  verification  on 
the  relation  of  the  old  valuations  of  the  magnitudes  of  the  fixed 
stars  and  the  photometric  evaluations  of  Sir  John  Herschel  and 


i 


QUANTITATIVE  RELATION  OP  LIGHT  TO  SENSATION.     713 

Steinhoil.    Fechner  found  that  the  photometric  evaluations  pre- 
sented the  following    relation    to  the  magnitudes  given  by 

Herschel/ 

if=  1-2-8540  logo?, 

and  in  the  case  of  those  given  by  Steinheil, 

Jf=  2-3114 -2-3168  log  a?, 

which  agree  with  his  formula. 

The  following  method  of  observation  was  that  which  I 
adopted.  I  obtained  a  small  but  intensely  bright  point  of  light 
by  a  small  intensity  coil,  between  two  fine  platinum  wires ;  the 
si^e  of  this  spark  was  arranged  to  be  less  than  a  millimeter 
in  diameter,  so  that  when  accurately  focused  on  the  retina, 
and  seen  at  a  distance  of  5  metres  at  least,  the  spot  of  light 
should  only  occupy  one  element  of  the  yellow  spot.  The 
distance  of  the  point  of  light  should  not  then  affect  its  apparent 
magnitude  except  in  the  same  manner  as  the  brightness  of  the 
fixed  stars  affects  their  apparent  magnitude:  by  using  two 
sparks  at  different  distances  I  found  that  their  apparent 
magnitudes  varied  as  their  distances  from  the  observer.  Of 
course  this  magnitude  was  incapable  of  measurement,  it  was 
therefore  only  estimated;  but  several  persons  gave  the  same 
or  nearly  the  same  estimates. 

At  first  I  was  very  much  puzzled  at  this,  because  at  the  time 
I  made  these  experiments  I  had  not  worked  out  the  law  I  have 
already  given ;  but  I  found  the  following  passage  in  Humboldt's 
Cosmos  quoted  from  Sir  John  Herschel:  ''The  comparison  of 
the  photometric  evaluations  with  those  of  the  vulgar  scale  has 
given  the  singular  result  that  our  ordinary  stellar  magnitudes, 
1,  2,  3,  etc.,  decrease  in  about  the  same  ratio  as  a  star  of  the 
first  magnitude  when  removed  to  the  distances  1,  2,  3...,  by 
which  its  brightness  according  to  the  photometric  law  would 
attain  the  values  1,  |,  ^,  ^.  In  order,  however,  to  make  this 
accordance  still  greater  it  is  only  necessary  to  raise  our  previously 
adopted  stellar  magnitudes  about  half  a  magnitude,  or  more 
accurately  considered  '41,  so  that  a  star  of  the  2*00  magni- 
tude would  become  in  future  one  of  the  2*41  magnitude. 
The  determinations  of  the  magnitudes  of  the  stars  according 


714  MR  LOWNB. 

to  this  rule  gives  the  brightness  of  the  stars  (measured  photo- 
metrically) of  the  firsty  seooud,  etc,,  magnitudes  at  ezacUy 
1,  \,  ^,  ^."  This  agrees  therefore  with  my  observations  ex- 
actly. 

There  are  two  other  sets  of  facts,  as  I  have  already  pointed 
out  elsewhere*,  which  tend  to  the  same  conclusion. 

First,  the  time  required  to  produce  an  impression  or  to 
obliterate  an  impression  on  the  retina  varies  as  the  square  root 
of  the  luminous  intensity.  This  was  pointed  out  by  Schafhaiitl* 
in  the  case  of  intermittent  luminous  impressions. 

I  have  obtained  the  same  result  by  a  series  of  experiments 
with  revolving  discs  similar  to  those  used  by  MM.  Delbceuf  and 
Plateau. 

A  white  card  disc,  6  inches  in  diameter,  is  set  into  rapid 
rotation  by  clockwork.  A  portion  of  a  sector  of  the  disc  is 
blackened;  so  that  a  grey  ring  appears  during  rotation:  by 
reducing  the  breadth  of  this  sector  until  the  ring  is  no  longer 
visible,  and  making  the  experiment  by  artificial  light,  I  find 
that  the  breadth  of  the  sector  at  the  time  of  disappearance 
varies  as  the  distance  of  the  source  of  light,  and  that  by  varying 
the  rate  of  rotation  in  the  inverse  ratio  of  the  distance  of  the 
light  the  ring  remains  just  invisible. 

I  find  that  if  a  disc  with  a  portion  of  a  sector,  occupying  -^ 
of  its  circumference,  blackened,  gives  no  grey  ring  with  a  single 
candle  to  illuminate  it  10  feet  from  it  when  it  revolves  from 
5  to  6  times  in  a  second,  by  halving  the  distance  of  the 
candle  it  must  revolve  from  10  to  12  times  in  a  second  before 
the  ring  entirely  disa|^)earB.  A  white  sector  on  a  black  disc 
obeys  the  same  law,  but  must  occupy  only  y^  of  the  cizcum- 
ference  of  the  disc  with  the  some  illumination. 

I  have  concluded  that  when  the  grey  ring  ceases  to  appear 
the  rotation  is  sufficiently  rapid  to  cause  the  sector  to  occupy 
the  same  space  for  too  short  a  time  for  it  to  be  seen.  With  a 
dull  light  a  white  streak  on  a  black  surfisdce  must*  occupy  the 
same  position  for  about  j^  of  a  seoond  to  be  seen  at  all;  but 
the  time  varies  inversely  as  the  square  root  of  the  illumination. 
A  black  spot  upon  a  white  ground  must  rotate  much  more 

^  Froe.  Raff.  Soe,,  1.  c.  >  ManeK  AbK  vii  46(. 
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slowly  to  be  seen.  In  this  case  we  have  to  deal  with  the 
duration  of  an  exceedingly  faint  after-image — that  of  the  white 
surface — during  the  passage  of  the  black  spot.  The  rate  of 
rotation  neoessaiy  to  obliterate  the  effect  of  the  black  spot 
varies  also  inversely  as  the  distance  of  the  illuminating 
source. 

In  making  these  experiments  I  accidentally  found  a  verjr 
beautiful  method  of  exhibiting  the  phenomenon  of  a  metallic 
lustre  caused  by  intermitting  luminous  impressions ;  by  using 
a  white  card  disc,  a  quarter  covered  with  dull  lampblack,  and 
a  moderate  velocity  of  rotation,  it  is  possible  to  produce  all  the 
tints,  and  the  metallic  appesurance  of  tempered  steel;  with 
certain  rates  of  rotation  the  results  are  exceedingly  brilliant. 

The  second  set  of  phenomena  to  which  I  have  referred  are 
those  connected  with  the  electric  variations  produced  by  the 
action  of  light  on  the  retina.  Referring  to  the  paper  I  have 
already  mentioned  by  Mr  Dewar  and  Dr  M*Eendrick,  I  find 
that  in  a  series  of  experiments  on  the  electric  variations  of  the 
eye  of  the  frog  under  the  stimulus  of  light,  the  variations  of 
the  current  were  as  1  to  8,  when  the  intensity  of  the  stimulus 
varied  as  1  to  64.  In  several  other  cases^  where  they  give  their 
results,  the  correspondence  is  also  very  close,  and  I  strongly 
suspect  that  the  contradictory  results  in  other  cases  arise  from 
the  variation  of  the  size  of  the  luminous  image  on  the  retina. 

The  authors  quoted  attempt  to  find  a  correspondence  be- 
tween Fechner's  law  and  their  observations,  but  this  has  only 
been  done  by  the  introduction  of  an  arbitrary  adjusting  con- 
stant into  DelbcBuf  8  formula 

This  constant  has  been  introduced  fromM.  Delboeuf  s  paper*, 
but  by  some  error  the  unit  of  measurement  has  been  miscon- 
strued :  in  the  original  paper  it  is  given  in  circular  measure  as 
0*5  of  a  degree,  where  a  whole  circle  is  the  unit  of  measure- 
ment; this  has  in  some  way  been  overlooked,  and  it  has  been 
used  by  the  authors  as  if  it  were  a  fraction  of  an  ordinary  unit; 
its  value  is  therefore  taken  360  times  too  large. 

^  Bulletin  Belgique^  1.  o. 
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I  would  fiirther  remark  in  this  connection  that  Mr  Siemens 
has  found  that  the  alteration  of  the  conductivity  of  selenium, 
by  the  action  of  light,  is  a  function  of  the  square  root  of  the 
intensity  of  the  illumination  employed;  this  may  be  only  a 
coincidence,  but  I  cannot  help  thinking  there  is  a  more  im- 
portant relation  between  the  phenomena. 

The  above  facts  appear  to  me  to  justify  the  following 
theoretical  inferencea  A  ray  of  homogeneous  light  has  three 
properties  capable  of  numerical  expression. 

1.  Its  velocity  of  transmission,  which  is  the  same  whatever 
its  intensity  or  colour. 

2.  The  periodic  time,  or  what  amounts  to  the  same  thing, 
the  length  of  its  vibrations,  which  determines  its  colour. 

3.  The  amplitude  of  its  vibrations,  which  determines  ita 
intensity. 

Beside  these  there  is  a  directed  or  vector  quantity  that 
determines  the  position  of  the  point  from  which  it  is  emitted 
or  reflected,  and  the  direction  of  the  planes  which  is  capable  of 
only  partial  expression  in  the  case  of  ordinary  light  in  which 
its  vibrations  take  place. 

It  is  quite  certain  that  the  unaided  eye  is  only  capable  of 
perceiving  two  of  these  scalar  or  numerical  quantities  and  one 
of  these  vectors.  We  appreciate  three  qualities  of  the  ray 
corresponding  to  these,  namely,  colour,  intensity  and  direction. 

In  order  that  no  misconception  may  arise,  it  is  necessary  to 
distinguish  carefully  between  the  intensity  of  the  light  itself 
and  the  intensity  of  the  resulting  sensation.  The  physicist 
defines  the  intensity  of  the  light  in  a  given  area  of  a  surface  at 
right  angles  to  the  ray  as  the  energy  passing  through  the 
surface  itself  in  the  unit  of  time. 

This  energy  has  the  dimension  -^*  Hence  if  we  write  —^ 

to  represent  the  energy  passing  through  the  unit  surface  in  the 
unit  of  time,  whatever  the  distance  of  the  surface  from  the 
luminous  source,  the  surface  always  remaining  at  right  angles 
to  the  ray;    we  have  D" . JlfZ' =  const  since    P  remains  a 

constant,  therefore  L^<x  j^  (putting  M  for  the  mass  of  the 
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vibrating  particles  of  ether).     From  these  we  may  evidently 

M 

write  Yjt  ^  represent  the  amount  of  energy  expended  in  the 

unit  of  time^  say  on  the  area  of  a  rod  or  cone.    ML  will  then 

represent  the  corresponding  momentum,  and  it  is  evident  this 

M       1 

is  the  same  thing  as  -^  or  -y=  ,  according  to  the  usual  definition 

of  intensity. 

The  view  that  the  intensities  of  our  sensations  vary  as  the 
amplitudes  of  the  vibrations,  when  the  periodic  times  remain 
constant,  has  already  been  advanced  by  Mr  R.  Moon,  both  in 
the  case  of  light  and  sound\  on  the  following  theoretical 
ground,  ''that  our  sensations  can  only  depend  on  the  displace- 
ment of  the  molecular  constituents  of  the  nerve  end  organs, 
and  the  time  in  which  such  displacements  occur,"  hence  Mr 
Moon  considered  that  our  sensations  must  have  the  dimensions 
of  velocity.  Mr  Moon  observes  that  the  only  attempt  to  prove 
that  th^  ratio  of  the  intensities  of  our  sensations  varies  as  the 
square  of  the  velocity,  assumes  that  two  equal  candles  give 
twice  the  light  of  one.  Of  course  it  is  quite  clear  that  the 
energy  set  free  by  the  combustion  of  two  candles  must  be  twice 
as  great  as  that  from  the  combustion  of  one ;  this  is  capable  of 
experimental  verification  in  the  case  of  heat,  and  it  is  undoubtedly 
true  in  the  case  of  light.  Bearing  in  mind  the  dimensions  of 
energy  we  may  write  itf  F*  to  represent  the  energy  liberated 
from  one  candle  in  the  form  of  light  vibrations,  and  2Jf F' 
to  represent  that  from  two:  if  we  suppose  the  number  of 
molecules  of  ether  set  into  vibration  in  the  two  cases  to  be  the 
same,  this  diflference  must  depend  on  a  difference  of  velocity; 
hence  the  simple  amplitude  of  the  vibrations  in  the  two  cases 

will  evidently  be  in  the  ratio  of  1  to  ^^2:  which  corresponds  to 
the  magnitude  of  the  corresponding  sensations  measured  in 
the  manner  I  have  indicated.  It  is  quite  easy  to  show  that 
measured  by  our  sensations  two  candles  do  not  produce  twice 
the  impression  of  one. 

1  Lond.  ami  Kd.in,  Phil.  Mag,  VoL  44,  45. 


7ld  MB  LOWKE. 

It  is  a  matter  of  common  observation  that  the  additional 
sensation  produced  by  an  extra  candle^  when  eight  candles,  for 
instance,  are  ahready  burning,  is  very  slight;  whilst  the  illu- 
mination produced  by  a  single  candle  is  very  considerable 
when  compared  to  that  of  the  eight.  The  relation  of  the 
sensations  according  to  the  above  law  would  be  as 

1  :  2-83 :  3 ; 

and  this  appears  to  me  to  agree  with  the  relative  sensations. 
Under  Fechner's  law  we  should  have 

1:2:  204, 

or  some  similar  relation,  which  would  make  the  difference  be- 
tween the  illumination  of  eight  candles  differ  too  little  from 
that  of  nine.  Whilst  if  we  make  the  energy  the  measure  of  oar 
sensations  we  should  have 

1:8:9, 

• 

a  relation  which  is  evidently  false  in  comparing  the  sensa- 
tions produced  by  one  candle  and  eight.  No  one  at  the  present 
time  would,  however,  probably  support  this  as  the  true  ratio. 

Mr  Moon's  views  have,  it  is  true,  received  much  adverse 
criticism,  but  all  his  opponents  have  apparently  mistaken  his 
meaning.  Unless  I  am  much  mistaken,  they  all  regard  the  term 
intensity  as  having  a  meaning  quite  independent  of  the  nerve 
structures  affected;  nor  has  Mr  Moon  rendered  his  meaning 
sufficiently  clear.  Sir  John  Herschel  writing  in  1827  stated 
that  there  was  nothing  to  show  whether  our  sensations  depend 
on  the  amplitude  of  the  vibrations  or  the  square  of  the  vibra- 
tions, but  he  stated  that  the  square  must  of  necessity  be  adopted, 
since  the  square  is  the  only  measure  admissible,  and  consistent 
with  the  conservation  of  energy:  but  it  is  clear  Sir  John 
Herschel  regarded  the  problem  from  a  purely  physical  point 
of  view,  and  he  uses  the  term  intensity  as  a  measure  of  energy 
and  not  of  sensation. 

With  regard  to  the  variations  of  the  electric  current  measured 
by  the  galvanometer,  as  we  have  to  do  with  the  measurement 
of  current,  and  not  with  the  energy  expended,  we  should  expect 
the  variations  to  correspond  to  the  amplitude  and  not  to  the 
square  of  the  amplitude  of  the  vibrations,  if  we  regard  the 
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electric  variations  as  the  direct  result  of  the  action  of  the  light 
upon  the  nerve  elements  of  the  retina  and  proportionate  to  a 
function  of  their  intensity. 

In  conclusion,  I  would  only  remark  that  if  we  suppose  that 
the  vibrations  of  ether  are  transferred  to  the  molecular  stnicture 
of  the  rods  and  cones,  probably  as  Prof.  iSchultze  supposes  as 
stationary  waves,  there  has  been  no  reason  as  yet,  except  as  a 
matter  of  theory,  to  regard  the  resulting  sensation  as  pro- 
portionate to  energy  rather  than  momentum;  but  I  have 
endeavoured  to  show  that  it  is  demonstrated  by  actual  measure- 
ment to  correspond  to  the  latter  and  not  to  the  former. 


ON    THE    VASOMOTOR    NERVES    OF    STRIATED 
MUSCLES.    By  W.  H.  Gaskeli.,  M.A/ 

{From  the  Physiological  Lahoratory,  Cambridge.) 

In  a  fonner  paper*  I  have  discussed  the  variations  occurring 
in  the  flow  of  blood  through  a  muscle  of  the  dog  under  variotis 
conditions.  Owing  to  the  nature  of  the  experiment,  viz. 
measuring  the  flow  of  blood  from  the  muscle-vein  when  the 
muscle  was  at  rest  and  in  action,  it  was  only  possible  to  suggest 
hypotheses  to  explain  the  various  phenomena  that  occurred. 
I  have,  however,  been  able  to  supplement  these  experiments 
with  microscopic  observations  of  the  vessels  in  a  frog's  muscle, 
and  so  to  clear  up  many  points  which  were  doubtful,  and  at  the 
same  time  to  show  more  satisfactorily  what  is  the  relation 
between  the  nerves  and  vessels  of  muscles.  These  experiments 
and  the  discussion  upon  them  form  the  subject  of  the  present 
paper. 

Since  the  muscle  which  I  have  chiefly  used  for  this  purpose, 
viz.  the  mylohyoid  muscle  of  the  frog,  has  never  before,  so  far 
as  I  know,  been  made  use  of  for  the  study  of  the  circulation,  it 
will  be  better  to  describe  shortly  my  method  of  preparation  and 
the  nature  of  the  circulation  that  can  be  observed  in  this 
muscle.  I  chose  a  simple  muscle  like  this  one  rather  than  the 
tongue,  because  the  circulation  in  the  tongue  cannot  be  con- 
sidered as  merely  a  blood  stream  through  muscular  tissues,  for 
in  addition  there  are  present  important  glandular  elements 
supplied  by  the  same  vessels,  and  also  instead  of  a  single  nerve 
there  are  various  nerves  of  very  difierent  characters,  so  that  the 
whole  question  of  the  nature  of  the  nerve-supply  to  the  vascular 
tissues  is  here  a  much  more  complicated  one,  than  in  the  case 
of  the  muscles  of  the  dog,  which  I  had  used  in  my  former  ex- 
periments; the  tongue  therefore  is  not  so  suitable  for  the  purpose 
of  supplementing  those  experiments,  as  the  mylohyoid  muscle. 
Besides  this,  the  circulation  in  the  tongue  has  already  been 
investigated  by  different  observers  without  much  success. 

^  An  abetraot  o!  this  paper  was  read  before  the  Boyal  Society,  Deo,  1876, 
see  Proe.  R.  Soc,  Vol.  xxv. 

»  Ludwig'a  Arheitrtif  1876,  and  Journal  of  Anat,  and  Phyt.  Vol.  xi.  p.  SfiO. 
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By  cutting  through  the  skin  covering  the  two  mylohyoid 
muscles  in  the  middle  line  and  then  laterally  up  to  both  rami 
of  the  lower  jaw,  being  careful  not  to  wound  the  larger  vessels 
in  the  skin,  the  flaps  of  skin  can  be  turned  back  without  any 
loss  of  blood,  and  the  two  mylohyoid  muscles  are  exposed  to 
view ;  it  is  then  as  a  rule  seen,  that  the  circulations  in  the  two 
muscles  are  nearly  if  not  quite  distinct  from  each  other;  the 
aponeurosis  separating  them  containing  hardly  any  vessels 
except  the  two  large  median  veins  which  collect  part  of  the 
blood  from  each  muscle,  and  which,  running  along  their  re- 
spective edges  of  the  aponeurosis,  usually  turn  oflF  to  join  the 
other  main  vessels  of  each  muscle  close  to  the  articulation  of 
the  upper  and  lower  jaw ;  and  it  is  seen  under  the  microscope, 
that  the  capillaries  either  form  loops  at  the  edge  of  each  muscle 
and  run  into  veins  in  the  substance  of  that  muscle  itself,  or  else 
run  into  their  respective  median  Vein.  Frequently  there  is  only 
one  median  vein  present,  and  sometimes  none;  in  any  case,  how- 
ever, the  two  circulations  are  distinct.  Again,  each  muscle  is 
attached  below  to  the  skin  by  means  of  a  fine  fascia,  and  here 
too  tiie  main  vessels  of  the  muscles  pass  over  this  fascia  only 
near  the  articulation  of  the  two  jaws,  so  that  the  whole  middle 
part  is  free  from  vessels  of  any  size*  except  in  cases  when  the 
median  veins  pass  directly  across  the  centre,  instead  of  turning 
to  join  the  other  main  vessels ;  this  I  have  not  found  often  to 
occur.  In  order  now  to  observe  the  circulation  in,  let  us  say, 
the  right  mylohyoid,  the  main  vessels  of  the  left  muscle  are  first 
tied  and  then  that  muscle  is  cut  through  by  an  incision  parallel 
to  the  middle  line  and  at' a  convenient  distance  from  it;  next 
the  thin  fascia  at  the  base  of  the  muscles  is  cut  nearly  up  to  the 
place  where  the  vessels  of  the  right  muscle  cross  it,  and  then, 
lifting  up  the  right  muscle  by  means  of  the  cut  portion  of  the 
left,  the  few  very  fine  connective-tissue  fibres  attached  to  the 
under  surface  of  the  muscle  are  carefully  separated ;  it  is  now 
easy  to  turn  the  right  muscle  over  on  to  a  prepared  diaphragm 
of  gutta  percha,  and  fix  it  in  its  place  by  means  of  pins  stuck 
into  the  cut  portion  of  the  left  mylohyoid ;  in  this  way  all 
bleedifig  is  avoided,  and  the  muscle  to  be  observed  need  never 
even  have  been  touched.  If  the  frog  is  supported  in  the  requi- 
site position^  it  is  possible  in  this  manner  to  spread  out  the 
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muscle  under  a  microscope,  so  as  to  give  a  flat  surface  for 
examination  and  at  the  same  time  to  leave  the  circulation 
through  the  muscle  absolutely  uninjured.  When  this  has  been 
done,  the  muscle  and  its  vessels  can  be  examined  ^ith  nearly 
the  highest  powers  of  the  microscope. 

The  position  of  the  nerve  supplying  the  mylohyoid  muscle 
is  also  very  favourable  for  experimentation,  since  arising  from  the 
mandibular  branch  of  the  trigeminal  nerve,  it  crosses  over  the 
ramus  of  the  mandible  a  little  above  the  articulation,  and  does 
not  approach  the  main  vessels  of  the  muscle  until  it  has  entered 
into  the  muscle  itself ;  in  order,  therefore,  to  prepare  a  length 
of  nerve  sufficient  to  be  isolated  on  the  electrodes,  it  is  only 
necessary  to  cut  through  the  masseter  and  temporal  muscles 
and  so  to  isolate  the  mandibular  branch  of  the  trigeminal  nerve, 
and  at  the  same  time,  by  cutting  away  the  other  smaller 
branches  of  this  nerve  to  th'e  skin  and  other  muscles,  one 
makes  certain  that  the  mylohyoid  nerve  alone  is  stimulated. 
Thus,  then,  the  nerve  can  be  placed  on  the  electrodes,  without 
any  bleeding  having  been  caused  and  without  any  interference 
either  to  the  muscle  or  its  vessels ;  in  fact,  my  usual  plan  is  to 
prepare  and  isolate  the  nerve,  before  even  cutting  through  the 
skin  over  the  two  mylohyoid  muscles. 

In  order  to  obtain  an  accurate  representation  of  the  changes 
in  the  calibre  of  any  one  artery  from  time  to  time,  I  proceeded 
as  follows.  Fixing  my  attention  absolutely  on  the  two  thin  outer 
edges  of  the  artery  under  observation,  and  on  the  lines  on  the 
micrometer  scale,  I  noted  and  stated  aloud  the  size  of  the  artery 
every  other  second,  a  metronome  on  the  table  beating  seconds ; 
these  numbers  were  written  down  by  an  assistant^  who  also 
opened  and  shut  the  key  between  the  induction  coil  and  the 
electrodes,  and  took  note  of  any  remarks  that  I  might  maka 
Since  the  animal  was  always  curarized  and  the  nerve  weU 
isolated  on  electrodes  protected  by  paraffin,  so  that  there  was 
no  trace  of  muscular  contraction  even  on  strong  stimulation,  it 
was  easy  to  measure  the  varying  size  of  the  vessel  very  accu* 
rately  at  intervals  of  two  seconds,  and  as  this  was  sufficiently 
rapid  to  give  a  very  accurate  representation  of  the  variations 
that  occur,  I  never  attempted  any  more  rapid  measurements 
than  these.    Again,  since  the  stimulation  was  applied  by  an 
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assistant  and  my  whole  attention  was  fixed  on  the  arteiy  under 
observation,  I  have  often  noted  the  measurements  of  the  artery 
without  being  aware  of  the  moment  when  the  stimulation 
commenced  or  ended,  thus  obviating  any  errors  that  might  arise 
firom  an  expectation  of  a  particular  result. 

The  spaces  between  the  lines  of  the  micrometer  scale  repre- 
sented, with  the  object-lens  that  I  always  made  use  of,  y^th 
mm.,  and  with  this  lens  the  blood-corpuscles  were  very  plainly 
visible,  and  the  transverse  striations  of  the  muscular  fibres  could 
be  easily  seen.  As  therefore  a  variation  in  the  diameter  of  an 
artery  amounting  to  as  much  as  xTT^th  mm.  was  by  this  means 
very  appreciable,  I  attempted  to  obtain  measurements  of  smaller 
variations  by  dividing  with  the  eye  each  space  into  four  parts, 
and  estimating  the  diameter  of  the  artery  under  observation  at 
any  time,  according  as  the  variation  in  its  size  seemed  to 
correspond  most  nearly  to  any  one  of  these  four  divisions. 
Variations  amounting  to  as  much  as  one-half  or  three-fourths 
of  a  space,  i.e.  to  Ti^th  or  y^th  mm.,  are  so  visible  as  to 
admit  of  measurement,  without  much  possibility  of  a  mistake 
as  to  their  occurrence;  those,  however,  that  amount  only  to 
one-fourth  of  a  space,  i.e.  to  jij^  mm.,  are  often  more  doul)tful ; 
as  however  no  inferences  have  been  drawn  unless  the  variations 
amount  to  nearly  ^^  mm.,  this  doubt  as  to  the  smallest 
measurements  is  of  no  importance.  From  the  values  so 
obtained,  I  have  constructed  a  number  of  curves,  the  ordinates 
of  which  represent  the  size  of  the  artery  every  two  seconds  and 
the  abscissas  the  time  in  seconds.  Examples  of  these  curves  are 
given  in  the  course  of  the  paper. 

As  the  study  of  the  circulation  in  this  muscle  suggests 
two  distinct  subjects  of  enquiry,  I  have  thought  it  best  to 
divide  this  paper  into  two  parts;  the  first  part  being  a  con- 
tinuation of  my  former  paper  and  therefore  treating  of  the 
phenomena  that  occur  in  the  vascular  system  of  striated 
muscles,  the  second  part  dealing  rather  with  the  larger  question 
of  the  nature  of  vaso-dilator  action. 
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Part  I.    The  Vascular  Phenomena  op  Striated  Muscles. 

1.    The  Normal  circulation  in  the  muscle. 

Upon  examining  the  muscle  when  prepared  as  abo^e  de- 
scribed with  a  low  power  of  the  microscope,  the  nerve  being 
untouched,  it  is  seen  that,  owing  to  the  thinness  of  the  muscle, 
the  small  amonnt  of  connective  tissue,  the  absence  of  glandular 
tissues  and  pigment  cells,  the  vessels  present  an  appearance 
peculiarly  favourable  for  measurement  with  a  micrometer  eye- 
piece; for  the  edges  are  so  clear  and  sharply  defined,  that  it  is 
easy  to  measure  accurately  the  outer  edge  of  the  smaller 
arteries,  there  being  no  chance  of  confusion  here  between  the 
edge  of  the  artery  and  the  surrounding  connective  tissue,  as  in 
the  case  of  the  vessels  of  the  web.  If  the  muscle  has  been 
cai'efully  prepared,  the  blood-stream  is  seen  to  have  the  usual 
axial  character,  the  inert  layer  being  well  seen  on  each  side  of 
the  rapid  central  red  corpuscular  stream ;  there  is  no  stagnation 
in  any  part  of  the  muscle,  but  throughout,  in  arteries,  capillaries 
and  veins,  a  very  distinct  rapid  normal  blood-flow  is  present;  and 
it  is  possible  here  to  observe  the  circulation  for  a  long  period 
without  any  inflammatory  changes  being  set  up,  and  without 
the  character  of  the  blood-stream  altering  to  any  great  extent ; 
in  fact,  I  have  observed  the  variations  in  the  size  of  an  artery 
for  five  hours  consecutively,  and  yet  at  the  end  of  the  time  the 
circulation  in  the  muscle  was  very  nearly  as  good  as  at  the 
beginning.  Often  the  arteries  seem  at  first  to  be  rather  full 
and  dilated,  even  though  the  nerve  is  intact ;  soon,  however,  the 
stream  recovers  the  normal  axial  character,  and  remains  in  this 
condition  for  a  considerable  length  of  time,  or  else  gradually 
and  slowly  becomes  thinner  and  thinner,  until  at  last  there  is 
nearly  complete  stagnation  through  the  muscle ;  in  the  latter 
case  it  is  only  necessary  to  loosen  the  pins  to  see  again  a  good 
circulation  return  to  the  muscle ;  in  fact,  extreme  care  must  be 
taken  to  prevent  as  much  as  possible  all  strain  on  the  muscle 
in  pinning  it  out.  As  to  the  fulness  sometimes  seen  directly 
after  the  muscle  has  been  pinned  out,  I  attribute  that  to  the 
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effects  of  some  slight  carelessness  in  the  preparation  of  the 
muscle. 

Upon  examination  of  an  artery  for  any  length  of  time,  the 
nerve  being  untouched,  it  is  often  seen  that  its  diameter  is 
continually  altering  in  size,  the  variations  differing  very  greatly 
in  different  animals  both  as  to  extent  and  frequency.  They 
differ  from  the  so-called  rhythmic  contractions,  which  have 
been  observed  in  the  vessels  of  the  web  and  other  places,  in 
that  the  artery  under  observation  suddenly  and  rapidly  dilates, 
the  dilatation  in  some  cases  being  considerable,  and  then  more 
gradually  returns  to  what  appears  to  be  its  normal  calibre,  the 
dilatation  being  always  accompanied  by  a  greater  fulness  of  the 
vessel,  the  axial  character  of  the  stream  disappearing. 

In  fact,  just  as  in  the  arteries  of  the  web  the  so-called 
rhythmic  contractions  present  the  same  appearance  as  may  be 
produced  by  slight  stimulations  at  irregular  intervals  of  the 
sciatic  nerve;  so  here  the  so-called  rhythmic  dilatations  appear, 
as  we  shall  see  later  on,  very  similar  to  the  effects  of  a  series  of 
slight  stimulations  of  the  muscle-  nerve ;  and  as  in  the  web  and 
other  places,  where  rhythmic  contractions  have  been  observed, 
they  cease  as  long  as  the  vessel  is  dilated  by  section  of  its 
nerve,  to  recommence  again  as  soon  as  that  dilatation  begins 
to  subside;  so  here  too  the  rhythmic  dilatations  return  after  the 
section  of  the  nerve,  being  in  fact  often  very  visible,  as  Fig.  3 
shows. 


2.    Effects  of  section  of  the  nerve. 

Upon  removing  the  skin  over  the  two  mylohyoid  muscles,  it 
is  seen  that  both  muscles  are  equally  pale,  and  if  then  one  of  the 
muscle-nerves  is  cut,  the  corresponding  muscle  is  immediately 
seen  to  become  redder  than  the  other,  the  contrast  in  some  cases 
being  exceedingly  well  marked.  If  the  muscle  is  first  placed 
under  the  microscope  and  the  nerve  cut  while  the  measurement 
of  the  artery  under  observation  continues  uninterruptedly,  the 
curve  so  obtained  (see  Fig.  1)  shows  that  for  a  few  seconds  after 
section,  varying  from  5 — 10  sees.,  there  is  no  alteration  in  the 
size  of  the  vessel  either  in  the  direction  of  dilatation  or  con- 
striction  or  in  the  character  of  the  blood-stream,  that  then 
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there  ensues  a  very  rapid  and  cooBiderable  dilatation  of  the 
artery,  which  reaches  a  masimum  in  about  20 — 30"  after  the 
section,  that  this  maximum  lasts  as  a  rule  only  a  few  seconds, 
and  then  the  artery  slowly  and  gradually  returns  to  its  original 
dimension.     During  dilatation  the  blood-stream  always   loses 
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its  axial  character,  the  lumen  of  the  vessel  becoming  filled  with 
corpuscles  and  the  rate  of  flow  at  the  same  time  more  rapid. 
Throughout  the  whole  muscle  the  change  is  very  marked,  the 
capillaries  are  fuller  and  distended,  the  venous  flow  more  rapid, 
the  whole  circulation  more  active;  as  the  dilatation  subsides 
the  blood-stream  again  recovers  its  normal  character. 

The  length  of  time  the  dilatation  lasts  is,  as  far  as  I  have 
seen,  very  variable ;  it  is  possible  for  the  circulation  to  recover 
its  normal  character  in  irom  two  to  four  minutes  after  the 
section,  or,  on  the  other  hand,  for  the  dilatation  to  last  in  a 
greater  or  less  degree  for  nearly  the  same  number  of  hours. 
In  any  case  the  maximum  dilatation,  which  is  reached  shortly 
after  the  section,  is  not  lasting,  the  more  enduring  dilatation 
being  always  less  than  that  which  occurs  soon  after  section ;  in 
other  words,  section  of  the  nerve  always  causes  a  considerable 
temporary  dilatation  of  the  arteries  of  the  muscle,  accompanied 
by  a  more  or  less  permanent  slighter  dilatation.  In  accordance 
with  the  views  already  expressed  in  my  former^  paper,  one 
might  ascribe  the  more  temporary  dilatation  to  a  stimulation  of 
vaso-dilator  fibres  by  the  mere  mechanical  action  of  the  section ; 
this  view  is  confirmed  by  the  fact,  that  any  mechanical  stimulus 
such  as  pinching  the  peripheral  end  of  the  nerve,  or  still  more 
markedly  cutting  and  tearing  it  with  scissors  and  forceps,  is 
quite  sufficient  to  cause  a  rapid  temporary  dilatation  of  the 
artery  under  observation.  However,  the  fact  that  the  dilatation 
in  these  cases  is  temporary,  and  never  so  lasting  as  that  which 
in  some  cases  follows  upon  section  of  the  nerve,  would  tend  to 
show  that  some  further  explanation  is  necessary  to  account  for 
the  more  enduring  slighter  dilatation ;  and  this  may  be  found, 
as  I  have  suggested  in  my  former  paper,  in  the  removal  of 
tonicity  owing  to  the  section  of  vaso-constrictor  fibres.  On  the 
other  hand,  I  do  not  attach  much  value  to  the  cases  quoted  in 
that  paper,  as  showing  a  secondary  dilatation  after  nerve 
section,  for  I  think,  as  I  have  mentioned  there,  that  this  dilata- 
tion was  really  due  to  the  placing  of  the  nerve  on  the 
electrodes',  since  I  have  repeatedly  observed,  that  this  slight 
stimulation  is  quite  sufficient  to  cause  a  notable  dilatation  in 
the  arteries  of  the  mylohyoid  muscle.    However,  be  that  as  it 
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may,  the  fact  still  remains,  that  sometimes  the  artery  under 
observation  remains  dilated  after  section  of  the  nerve  a  much      ^ 
longer  time  than  it  would  do,  if  the  effect  of  section  was  simply 
that  of  a  mechanical  stimulation. 

On  the  other  hand,  if  section  of  the  nerve  simply  means 
removal  of  tonicity,  and  the  gradual  diminution  of  the  original 
dilatation  is  due  to  an  increase  in  the  elasticity  of  the  vessel- 
walls,  combined  with  an  increased  action  of  peripheral  local 
centres,  owing  to  the  greater  supply  of  blood,  then  the  magni- 
tude of  the  dilatation  caused  must  signify,  that  the  vaso- 
constrictor fibres  in  this  nerve  are  in  great  abundance,  or  eke 
very  strong  in  action;  and  upon  this  hypothesis,  if  one  compares 
the  marked  dilatation  caused  here  by  the  section  of  the  nerve 
with  the  slight  dilatation  caused  in  the  vessels  of  the  web  by 
the  section  of  the  sciatic  nerve,  one  would  be  led  to  conclude 
from  this  fact  alone,  that  stimulation  of  the  peripheral  end  of 
the  mylohyoid  nerve  must  necessarily  cause  a  much  greater 
constriction  of  the  arteries  of  the  mylohyoid  muscle,  than  any 
stimulation  of  the  sciatic  could  cause  in  the  vessels  of  the  web. 
However,  as  is  shown  later  on,  the  reverse  is  most  markedly 
the  case.  A  second  section  of  the  nerve  settles  this  question, 
for,  however  carefully  and  cleanly  the  nerve  may  be  cut,  there 
always  occurs  a  marked  dilatation  presenting  the  same  cha- 
racters and  the  same  maximum  as  after  the  first  section,  with 
the  single  exception,  that  the  normal  calibre  is  sooner  reached, 
the  dilatation  does  not  last  so  long. 

It  is  clear  then,  that  one  must  consider,  in  the  case  of  this 
nerve  at  all  events,  that  a  section  of  the  nerve  acts  like  any 
other  mechanical  stimulus,  as  a  strong  stimulation  to  vaso- 
dilator fibres  contained  in  the  nerve,  and  that  possibly  in  addi- 
tion the  dilatation  is  made  more  lasting  by  the  removal  of  the 
action  of  vaso-constrictor  fibres  at  the  same  time.  To  this 
question  we  shall  however  again  return, 

3.    Effects  of  stimulation  of  the  periphertH  end  of  the  nerve. 

In  my  former  paper  I  have  drawn  attention  especially  to  the 
six  characteristic  variations  that  occur  in  the  curve  representing 
the  outflow  of  blood  from  the  muscle-vein,  before,  during,  and 
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after  the  tetanus  of  the  muscle,  and  have  suggested  that  the 
outspurt  of  blood  at  the  onset  of  the  tetanus  and  the  very  bri^f 
diminution  of  flow  which  occurs  at  the  end  of  the  tetanus,  are 
due  to  the  change  of  form  in  the  muscle  from  the  relaxed  to 
the  contracted  state  and  vice  versft;  that  the  absolute  or 
nearly  absolute  cessation  of  flow  occurring  after  the  first  out- 
spurt is  over,  is  due  to  the  pressure  of  the  contracted  muscle  or 
some  part  of  the  muscular  vascular  tract,  in  conjunction  with 
constriction  of  the  arteries,  owing  to  the  stimulation  of  vaso- 
constrictor  fibres  contained  in  the  muscle-nerve,  this  constriction, 
as  Hafiz^  noticed,  being  of  but  short  duration;  and  that  the 
great  increase  of  flow  occurring  after  a  short  or  during  the  latter 
part  of  a  long  tetanus,  is  due  to  the  stimulation  of  vaso-dilator 
fibres  contained  in  the  nerve. 

How  far  thes3  suggestions  are  true  may  be  decided  by 
observing  with  a  low  power  the  vessels  of  the  mylohyoiil 
muscle  in  a  slightly  curarized  frog,  and  then  stimulating  the 
nerve  so  as  to  cause  a  decided  tetanus  of  the  muscle.  It  is  then 
seen,  that  at  the  onset  of  the  tetanus  there  is  a  momentary 
forward  propulsion  of  the  blood  in  the  larger  veins,  followed  by 
a  complete  stoppage  of  the  blood-flow  in  them,  or  even  by  a 
retrograde  flow,  while  in  the  arteries,  with  the  exception  of  an 
absolutely  momentary  pause,  there  is  from  the  very  commence- 
ment of  the  tetanus  a  steady  rapid  flow ;  instead  of  any  sign  of 
constriction  the  arteries  steadily  dilate,  the  flow  in  them  is 
fuller,  more  rapid,  the  capillaries  become  full  and  distended, 
and  at  last,  even  during  the  tetanus  of  the  muscle,  the  flow  in 
the  veins  after  a  few  spasmodic  attempts  to  move  onwards 
recommences,  steadily  gaining  in  force  and  volume,  until  on  the 
cessation  of  the  tetanus,  there  is  seen  through  the  whole  muscle 
a  stream  in  arteries,  capillaries  and  veins,  much  fuller  and  more 
rapid  than  before  the  commencement  of  the  tetanus ;  at  the 
end  of  the  tetanus,  there  is  a  very  momentary  stop  both  in  the 
arterial  and  venous  flow.  It  is  clear  then  that  here  the  same 
variations  in  the  rate-curve,  as  were  noticed  in  the  case  of  the 
dog,  would  be  obtained,  if  it  were  possible  to  measure  the 
outflow  of  blood  from  the  vein  of  the  mylohyoid  muscle  of  the 
frog;  and  moreover  that  the  explanations  given  in  my  former 

1  Ludwig'8  Arheiten,  1870. 
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paper*  to  account  for  the  six-fold  variation  of  rate  observed,  agree 
with  what  is  here  observed  except  in  two  particulars.  In  the 
first  place,  the  change  in  the  form  of  the  muscle,  owing  to  the 
tetanus,  compresses  the  larger  vein-trunks  essentially,  and  there- 
fore the  absolute  or  nearly  absolute  stoppage  of  the  blood-flow, 
which  occurs  at  the  beginning  of  the  tetanus,  is  due  to  com- 
pression of  this  part  of  the  muscular  vascular  tract ;  a  fact  which 
had  been  conjectured  before,  though  not  proved.  In  the  second 
place,  it  is  seen  that  the  compression  <^  the  vein-trunks  is 
alone  sufficient  to  explain  the  cessation  af  flow  observed,  and 
that  the  hypothesis  of  a  previous  constriction  of  the  arteries 
lasting  only  for  a  short  time^  in  consequence  of  a  rapid  ex- 
haustion of  constrictor  fibres  stimulated  at  the  same  time  as 
dilator  fibres,  is  not  only  unnecessary,  but  is,  in  fact,  not  true ; 
for  there  is  no  sign  of  any  constriction  of  the  arteries  at  the 
commencement  of  the  tetanus^  but  on  the  contrary  a  steady 
dilatation. 

Applying  now  the  results  of  this  experiment  to  the  facts 
and  curves  given  in  my  former  paper,  it  is  seen  that  the  differ- 
ence noted  between  the  effects  of  a  short  and  long  tetanus 
simply  means,  that  the  compression  of  the  larger  veins  due  to 
the  contraction  of  the  muscular  fibres  is  sufficient  for  a  certain 
length  of  time  to  counteract  the  increase  of  flow,  that  would 
otherwise  take  place  in  consequence  of  the  dilatation  of  the 
arteries;  and  that  after  that  time,  the  pressure  of  the  blood 
inside  the  veins,  which  has  been  steadily  increasing,  is  able 
more  and  more  to  overcome  the  external  pressure  exerted  by 
the  contracted  muscular  fibres,  and  therefore  the  flow  of  blood 
from  the  veins  steadily  increases  even  during  the  tetanus  itself. 
Again,  in  those  cases  represented  by  Fig.  6  of  that  paper^  where 
the  increase  of  flow  is  manifested  from  the  very  banning  of 
the  tetanus,  and  where  the  outspurt  at  the  onset  is  wanting, 
the  explanation  is  easily  found  in  the  supposition,  that  the 
tetanus  here  was  so  weak  as  not  to  cause  a  sufficient  compres- 
sion of  the  larger  veins,  and  that  therefore  the  effect  of  the 
dilatation  of  the  arteries  was  made  manifest  from  the  commence- 
ment. In  fact,  on  looking  over  the  curves  representing  this  effect, 
I  see  that  I  have  always  noted  that  the  tetanus  was  weak  when  a 

^  Op,  eit,  '  Op.  cit,  page  8S1. 
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curve  like  ^ig.  6  was  produce<J.  Further,  Fig.  3  in  the  same 
paper,  which  shows  the  effect  of  the  tetanus  of  0'4  seconds* 
duration,  can  only  be  explained  on  this  hypothesis;  for  it  is 
impossible  to  conceive,  both  that  unstriped  muscular  fibres  con- 
tract slowly,  a  fact  which  is  well  known,  and  yet  that  the  con- 
traction of  the  arteries  in  the  extensor  muscles,  due  to  the 
stimulation  of  vaso-constrictor  fibres  contained  in  the  crural 
nerve,  is  over  and  gone  in  the  space  of  0*4  seconds^  although  at 
the  same  time  with  the  same  length  of  stimulation  the  action 
of  the  vaso-dilator  fibres  does  not  reach  its  maximum  until 
between  10  and  15  seconds  after  the  stimulation  is  over. 

The  nature  of  the  changes  taking  place  in  the  vessels  of  the 
muscle,  in  consequence  of  the  stimulation  of  its  nerve,  can  be 
more  efficiently  studied  by  using  larger  doses  of  curare;  for  it  is 
possible  then  to  stimulate  the  nerve  with  even  strong  induction 
currents,  without  obtaining  the  slightest  trace  of  muscular  con- 
traction, while  at  the  same  time  the  vasomotor  nerves  are 
unaffected  by  the  curare,  and  so  one  is  able  to  use  a  high  power 
of  the  microscope  and  measure  to  the  smallest  variation  the 
changes  in  calibre  of  the  artery  under  observation.  By  the 
method  described  above,  I  have  obtained  a  great  number  of 
curves  showing  the  changes  occurring  under  different  conditions. 
Of  these  I  give  the  following  examples,  in  order  to  show  the 
nature  of  the  results  obtained.     (See  Figs.  2,  3,  4  and  5.) 

By  studying  these  and  similar  tracings,  one  finds  that  whether 
the  stimulation  is  strong  or  weak,  long  or  short,  there  is  always 
a  certain  time  after  its  commencement  during  which  there  is  no 
effect  produced  on  the  artery  under  observation;  during  this 
'  latent  period,'  which  is  of  variable  length,  but  lasts  as  a  rule  5 
or  6  seconds,  there  is  no  sign  of  constriction,  except  that,  if  the 
artery  happens  to  be  constricting  when  the  stimulation  is 
applied,  it  will  continue  that  constriction  during  this  period,  just 
as  if  it  be  dilating,  it  will  continue  that  dilatation,  and  if  it  be 
at  rest,  it  will  remain  at  rest.  Following  upon  this  latent  period, 
a  very  rapid  marked  dilatation  of  the  artery  takes  place,  the 
vessel  becoming  crowded  with  corpuscles  and  the  stream  in  it 
very  full  and  rapid;  the  dilatation  in  some  cases  being  so  great 
that  the  diameter  of  the  artery  increases  to  nearly  three  times 
the  size  it  possessed  before  the  commencement  of  the  stimulation 
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(see  Figs.  2  and  5).    The  dilatation  attains  its  maximum  as  a  rule 
about  20 — 30  seconds  after  the  commencement  of  the  stimulation, 
and  then  after  remaining  at  this  point  for  a  few  seconds  gradu- 
ally subsides,  the  character  of  the  stream  again  becoming  normal. 
It  is  clear  then,  from  the  many  exactly  similar  observations  which 
I  have  made,  that  stimulation  of  the  mylohyoid  nerve  causes  a 
marked  dilatation  of  the  arteries  of  the  muscle  without  any  pre- 
vious constriction.    It  is  possible  perchance  to  imagine,  that  the 
curare  has  made  the  constrictor  fibres  inactive  and  yet  left  the 
dilatator  nerves  intact;  that  this  supposition  will  not  hold  good, 
is  seen  by  stimulating  the  sciatic  nerve  at  the  same  time  and 
with  the  same  strength  of  stimulation  as  the  mylohyoid  nerve, 
and  then  by  observing  the  web  and  muscle  at  the  same  time,  it 
is  seen,  that  a  stimulus  which  causes  a  dilatation  in  the  smaller 
arteries  of  the  muscle  to  nearly  three  times  their  original  calibre, 
causes  a  constriction  of  the  arteries  in  the  web,  so  as  absolutely 
to  close  their  lumen,  and  to  prevent  any  corpuscles  from  passing 
along.    The  marked  contrast  between  the  colourless  absolute 
stagnation  in  the  web,  and  the  rapid  full  circulation  in  the 
muscle  under  the  same  conditions,   is  exceedingly  striking. 
Moreover,  as  in  the  muscle  it  is  seen  that  some  time  elapses — 
about  30  seconds — before  the  maximum  of  dilatation  is  reached, 
so  in  the  web  much  the  same  time  elapses  before  the  maximum 
of  constriction  is  attained.     Therefore  by  stimulating  the  sciatic 
and  the  mylohyoid  nerves  at  the  same  time  with  a  strong  sti- 
mulation lasting  only  a  fraction  of  a  second,  it  is  easy  to  see, 
after  the  end  of  the  stimulation,  the  progressive  increase  of  the 
constriction  on  the  one  hand,  and  of  the  dilatation  on  the  other; 
that  is  to  say,  that  as  the  dilatation  caused  by  stimulation  of 
the  muscle-nerve  is  not  confined  to  the  time  of  stimulation,  so 
the  constriction  in  the  arteries  of  the  web  is  not  confined  to  the 
small  time  during  which  the  electrical  current  is  passing.    Now 
it  is  impossible  to  consider,  that  the  action  of  the  vaso-oon- 
strictor  nerves  in  the  muscle  can  be  very  difierent  from  those  in 
the  web ;  at  all  events  one  cannot  conceive,  that  a  constriction 
can  possibly  take  place  in  the  arteries  of  the  mylohyoid  muscle, 
which  shoidd  last  so  short  a  time  as  not  to  be  observed,  either 
during  the  stimulation  itself  in  the  case  of  a  longer  stimulation, 
or  after  the  stimulation  is  over  in  the  case  of  a  stimulation  lasting 
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less  than  one  second.  Besides,  there  is  no  sign  of  constriction 
when  chloral  alone  has  been  given  without  curare.  Therefore 
it  seems  to  me  that  the  supposition  of  Hafiz,  that  the  vaso- 
constrictor nerves  of  muscle  are  very  easily  exhausted,  is 
absolutely  insufficient  to  account  for  the  fact,  that^ there  is  no 
sign  of  constriction  after  a  stimulation  lasting  not  longer  than  a 
fraction  of  a  second. 

Either  then  there  are  here  in  the  mylohyoid  nerve  only 
vaso  dilator  fibres,  or  else  upon  simultaneous  stimulation  of  the 
two  kinds  of  fibres  the  vaso-dilator  always  get  the  mastery,  the 
exact  reverse  of  what  v.  Frey'  has  observed  in  the  case  of  the 
simultaneous  stimulation  of  the  sympathetic  and  chorda  tympani, 
although  agreeing  according  to  present  theories  somewhat  with 
Baxt's*  observations  on  the  efiects  on  the  heart  of  simultaneous 
stimulation  of  the  accelerans  and  vagus  nerves.  There  are  only 
two  cases  in  which  I  have  succeeded  in  obtaining  any  satisfac- 
tory sign  of  constriction  in  the  mylohyoid  vessels  in  consequence 
of  nerve  stimulation;  the  first  instance  is  the  constriction  men- 
tioned below,  which  occurs  after  a  long  strong  stimulation,  the 
second  that  occurring  upon  reflex  action,  which  will  be  discussed 
later  on. 

As  I  have  already  said,  the  maximum  of  the  dilatation 
caused  by  stimulation  of  the  nerve  takes  place  about  30  seconds 
after  the  beginning  of  the  stimulation,  and  this  is  true  whether 
the  stimulation  lasts  for  a  short  time  or  a  longer  one,  so  that  it 
is  possible  in  the  case  of  a  short  stimulation  lasting  only  5 
seconds  or  less,  that  the  whole  dilatation  should  occur  after  the 
stimulation  is  over.  On  the  other  hand,  as  Fig.  5  shows^  in 
the  case  of  a  longer  stimulation  the  whole  dilatation  may  occur 
during  the  time  the  current  is  passing,  so  that  when  the  stimu- 
lation is  ended,  the  artery  under  observation  is  found  to  have 
regained  its  normal  character;  that  is  to  say,  the  extent  of  the 
dilatation  caused  by  stimulation  of  the  nerve  depends  rather  on 
the  strength  of  that  stimulation,  than  on  the  duration  of  it.  It 
is  not  possible  however  with  the  same  strength  of  stimulation, 
however  strong  that  may  be,  to  make  the  dilatation  last  for  any 
length  of  time ;  although  I  have  succeeded  in  keeping  the 
artery  under  observation  in  a  state  of  maximum  dilatation  for 

i  Ludvfifs  Arhnten,  1676.  «  Ibid,  1875. 
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as  long  a  time  as  5  minutes,  by  commencing  with  a  weak  sti- 
mulation, and  continually  and  very  gradually  increasing  the 
strength,  whenever  the  dilatation  showed  signs  of  diminishing; 
on  the  other  hand,  in  the  case  of  a  strong  stimulation  of  un- 
varying strength  lasting  4J  minutes,  it  is  seen  (Fig.  6)  that 
before  the  end  of  the  stimulation  the  calibre  had  returned  to  the 
normal  size,  the  dilatation  caused  in  fact  being  very  much  the 
same  in  extent  as  would  have  been  caused  by  a  stimulation  of 
the  same  strength,  lasting  a  much  shorter  time.  The  curve 
however  shows  another  circumstance  of  great  interest,  which 
occurs  as  a  rule  after  any  stimulation  that  has  been  long  enough 
and  strong  enough,  viz.  that  upon  the  cessation  of  the  stimula- 
tion, the  artery  not  only  does  not  dilate  but  steadily  continues 
to  diminish  in  calibre,  until  at  last,  some  time  after  the  end  of 
the  stimulation,  it  has  reached  a  size  considerably  less  than  that 
which  it  possessed  before  the  beginning  of  the  stimulation ;  after 
remaining  at  this  minimum  for  a  short  time,  the  vessel  again 
gradually  returns  to  its  normal  size  or  even  slightly  above  it. 
We  see  then,  that  whereas  in  the  case  of  the  web  a  long  and 
strong  stimulation  of  the  sciatic  nerve  causes  constriction  of  its 
arteries,  followed  after  the  stimulation  by  dilatation,  so  here  the 
same  cause  produces  dilatation  of  the  arteries  of  the  muscle, 
followed  after  stimulation  by  constriction.  One  would  rather 
then  imagine  that,  as  a  consequence  of  any  stimulation  of  such 
a  nerve  as  the  sciatic,  constriction  of  the  arteries  of  the  skin  is 
accompanied  by  dilatation  of  those  of  the  muscles,  and  dilata- 
tion of  the  skin-vessels  by  constriction  of  those  of  the  muscles. 
How  far  in  this  way  a  compensation  takes  place  between  the 
two  vascular  areas  of  the  skin  and  muscle  in  any  part  of  the 
body,  will  depend  upon  the  degree  in  which  the  two  areas  are 
supplied  by  the  nerve,  whose  action  is  being  investigated. 

A  similar  occurrence  to  this  secondary  constriction  has  been 
observed  by  Hafiz\  He  noticed  that  the  dilatation  of  the  arteries 
in  muscles  caused  by  a  strong  stimulation  of  the  upper  portion 
of  the  spinal  cord  was  followed  by  a  very  marked  constriction  of 
them;  and  in  his  paper  this  seems  to  me  to  be  the  only  satis- 
factory constriction  of  the  muscle  arteries  that  he  observed ;  for, 
although  he  says  that  he  has  sometimes  seen  a  more  or  less 

^  Op,  ciU 
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temporary  constriction  of  the  muscular  branches  of  the  ulnar 
artery,  previous  to  the  marked  dilatation  caused  by  stimulation 
of  the  spinal  cord — and  upon  this  he  founds  his  assumption  that 
the  vaso*constrictor  nerves  of  the  muscle  arteries  are  exceed- 
ingly easily  exhausted — ^yet  he  expressly  says,  that  he  has  never 
seen  the  slightest  trace  of  this  constriction  in  curarized  animals, 
although  at  the  same  time  there  is  marked  constriction  in  other 
arteries,  and  also,  that  as  a  rule  stimulation  of  the  upper  portion 
of  the  spinal  cord  causes  no  constriction  of  the  muscle  arteries, 
but,  on  the  contrary,  causes  a  great  increase  in  the  amount  of 
blood  flowing  from  the  cut  surface  of  the  muscle.  Hence  it 
seems  to  me  plain,  that  in  those  cases  where  he  noticed  con- 
striction of  the  muscle  arteries  upon  stimulation  of  the  spinal 
cord,  there  must  have  been  at  the  same  time  a  contraction  of 
the  muscle ;  and  that  therefore,  whichever  of  his  different 
methods  was  the  one  by  which  he  noticed  the  fact  of  constric- 
tion, the  mere  presence  of  a  simultaneous  contraction  of  the 
muscle  must  have  made  it  very  difficult,  to  say  the  least,  for 
him  to  have  been  sure  that  what  he  observed  was  really  due  to 
the  stimulation  of  vaso-constrictor  fibres  of  the  muscle  arteries. 
In  the  case  of  a  curarized  frog,  stimulation  of  the  medulla  causes 
a  decided  dilatation  of  the  arteries  of  the  mylohyoid  muscle 
without  any  previous  constriction,  although  at  the  same  time 
the  arteries  in  the  web  are  strongly  contracted ;  and  if  the 
mylohyoid  nerve  be  first  cut,  then  stimulation  of  the  medulla 
remains  without  any  marked  effect,  there  being  certainly  no 
constriction  although  possibly  a  very  slight  dilatation  produced. 

4.     Effects  of  reflex  stimulation. 

As  I  have  mentioned  in  my  former  paper,  it  does  not 
follow  that,  because  contraction  of  a  muscle  is  accompanied 
by  dilatation  of  its  arteries  when  the  muscle-nerve  is  artificially 
stimulated,  the  same  thing  should  occur  in  the  case  of  a 
contraction  of  the  muscle  caused  by  voluntary  or  reflex 
stimulation.  As  it  is  not  possible  in  the  frog  to  examine  the 
muscle  and  note  the  effects  of  voluntary  muscular  contraction, 
one  is  compelled  to  confine  oneself  to  the  question,  what  is  the 
effect  of  reflex  action  on  the  arteries  of  the  mylohyoid  muscle. 
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As  is  well  known,  stimulation  of  a  sensory  nerve  causes  a  great 
increase  in  the  blood-pressure  of  the  larger  arteries,  owing  to 
a  reflex  constriction  of  a  large  number  of  the  smaller  arteries 
in  the  body.    A  very  indirect  proof,  that  the  arteries  of  muscles 
do  not  partake  in  this  previously  supposed  nearly   universal 
constriction,  is  given  by  Hafiz ;  whether  however  the  muscle- 
arteries  simply  remain  unaffected,  or  are  partially  constricted,  or 
whether  they  absolutely  dilate  upon  stimulation  of  a  sensoiy 
nerve,  his  method  of  observation  is  insufficient  to  show ;    he 
simply  proves,  that  all  blood  channels  are  not  occluded,  -when 
by  different  means  he  causes  a  great  rise  of  pressure  in  the 
carotid;  he  concludes  thereupon,  that  the  open  paths  for  the 
blood  stream  are  situated  in  the  muscles.    By  my  method  of 
observation,  I  was  able  to  test  how  far  this  theory  is  true 
for  the  frog,  at  the  same  time  being  able  to  control  the  effect 
of  the  stimulation,  by  observing  simultaneously  the  circulation 
in  the  web  and  the  muscle.    The  nerves,  whose  central  ends 
I  stimulated  with  varying  strengths  and  durations  of  stimula- 
tions, were  the  two  sciatics,  the  vagi,  and  the  opposite  mylo- 
hyoid, and  in  no  case  was  there  any  dilatation  of  the  arteries 
under  observation  to  be  seen ;  either  no  change  at  all  was 
produced,  or  else  together  with  a  diminution  in  the  rapidity 
and  fulness  of  the  blood  stream  a  slight  very  gradual  con- 
striction of  the  artery  was  observed.    At  the  same  time  it  was 
seen,  that  the  vessels  of  the  web  constricted  notably  when  those 
in  the  muscle  remained  unaltered,  and  that  in  the  case  of 
stronger  stimulation  where  there  was  a  very  slight  constriction 
of  the  mylohyoid  arteries  to  be  observed,  those  of  the  web  were 
absolutely  occluded  and  the  whole  circulation  there  stopped; 
this  was  true,  not  only  when  the  central  ends  of  the  sciatic 
and  vagi  nerves  were  stimulated,  but  also  when  the  nerve 
made  use  of  was  the  opposite  mylohyoid ;  it  being  no  more 
possible  to  produce  any  marked  effect  on  the  muscle  arteries 
by  the  use  of  this  latter  nerve,  than  by  the  use  of  any 
other  sensory  nerve.    It  seems  then  dear,  that  stimulation  ot 
sensory  nerves,  while  causing  a  marked  constriction   in  the 
arteries  of  the  web,  does  not  affect  the  arteries  of  the  muscles 
to  any  great  extent  in  either  one  way  or  the  other,  what  effect 
there  is  being  rather  in  the  direction  of  constriction  than 
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dilatation.  That  there  is  a  slight  constriction  caused  seems 
probable  from  the  fact,  that  although  if  the  muscle-nerve  is 
left  intact  stimulation  of  an  ordinary  sensory  nerve  never  pro- 
duces a  trace  of  dilatation  in  the  artery  under  observation,  but 
either  no  effect  or  else  a  slight  constriction,  yet  when  the 
muscle-nerve  has  first  been  cut  and  a  sufficient  time  elapsed 
for  the  circulation  to  have  recovered  its  normal  character,  then 
stimulation  of  an  ordinary  sensory  nerve  sometimes  causes  a 
slight  dilatation  of  the  muscle-arteries,  owing  clearly  to  the 
greater  amount  of  blood  sent  through  the  muscle  in  conse- 
quence  of  the  marked  constriction  occurring  in  other  parts  of 
the  body ;  therefore,  even  in  those  cases  where  the  stimulation 
of  a  sensory  nerve  appears  to  produce  no  effect  on  the  caHbre 
of  the  muscle-arteries,  this  very  fact  shows,  that  in  reality  the 
vaso-constrictor  fibres  in  the  muscle-nerve  must  have  been 
thrown  into  action  to  such  an  extent  as  to  counteract  the 
dilatation,  that  would  otherwise  have  taken  place  in  conse- 
quence of  the  increased  flow  of  blood  through  these  vessels. 

From  this  fact  then,  that  stimulation  of  a  sensory  nerve 
does  not  cause  dilatation  of  the  vessels  of  the  muscle,  it  would 
seem  to  follow  that  a  contraction  of  the  muscle  caused  by  reflex 
action  is  not  accompanied  by  a  stimulation  of  the  vaso-dilator 
nerves  of  the  muscle.  Before  however  one  can  speak  with 
certainty  on  this  point,  it  is  necessary  to  make  sure  that  there 
is  no  particular  locality,  stimulation  of  which  will  produce 
dilatation  of  the  arteries  in  question.  We  know  already  a 
considerable  number  of  local  reflex  dilatations  of  vessels; 
thus  stimulation  of  the  central  ends  of  the  saphena  and 
great  auricular  nerves  of  the  rabbit  causes  a  dilatation  of 
the  saphena  artery  and  of  the  median  artery  of  the  ear 
respectively  (Lovdn)*,  and  in  the  case  of  the  submax- 
illary gland,  stimulation  of  the  tongue  or  central  end  of  the 
lingual  nerve  causes  a  reflex  dilating  action  of  the  chorda  tym- 
pani  (Yulpian).  This  latter  case  seems  especiaUy  to  shew, 
that  the  same  cause  which  calls  the  function  of  an  organ  into 
play  calls  into  action  the  vaso-dilator  nerves  of  that  organ ; 
therefore  applying  this  to  the  case  of  the  mylohyoid  muscle, 
it  is  clear  that  the  most  likely  method  to  obtain  a  reflex  dila- 
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tation  of  its  vessels  is  to  apply  a  stimulus  to  those  places, 
where  it  is  easiest  to  obtain  a  reflex  contraction  of  the  muscle 
-One  must  then  first  find  out,  where  these  most  favourable  spots 
are ;  now  the  two  mylohyoid  muscles  are  essentially  muscles 
of  respiration  and  deglutition,  and  by  first  removing  the  cere* 
brum  and  optic  lobes  in  a  non-curarized  frog,  so  as  to  obtain 
the  phenomena  of  reflex  contraction  in  the  purest  manner, 
it  is  easily  seen,  that  a  small  piece  of  blotting  paper  dipped 
in  5  per  cent,  solution  of  acetic  acid  placed  either  at  the 
opening  of  the  glottis  or  oesophagus,  immediately  causes  a 
strong  reflex  contraction  confined  to  these  muscles  and  their 
neighbours,  while  the  same  stimidus  applied  to  other  parts 
of  the  body  has  no  effect  as  far  as  these  two  muscles  are 
concerned.  Stimulation  here  then  causes  a  reflex  contraction 
of  these  muscles,  is  this  accompanied  by  a  reflex  dilatation  of 
the  arteries  or  not?  This  question  must,  I  think,  be  answered 
in  the  affirmative,  for  although  I  have  not  succeeded  in  obtain- 
ing as  clear  and  constant  evidence  of  dilatation  by  stimulation 
here,  as  by  stimulating  the  muscle-nerve  itself,  yet  I  have 
sometimes  seen  decided  dilatation  of  the  vessel  under  observa* 
tion  on  the  application  of  a  stimulus  to  these  parts ;  and  as  a 
rule  this  much  can  be  said,  that  after  the  entrance  of  the 
odsophagus  or  glottis  has  been  stimulated  in  any  way,  the 
artery  measured  is  for  some  time  afterwards  slightly  larger, 
and  the  stream  in  it  certainly  fuller  and  more  rapid  than 
before  the  stimulation.  The  most  satisfactory  and  most  pro- 
nounced dilatation  that  I  have  seen  has  been,  when  the  glottis 
was  opened  and  a  blunt  instrument  such  as  a  seeker  passed 
in  as  far  at  least  as  the  vocal  cords;  in  these  cases  I  have 
seen  a  distinct  dilatation  take  place  not  only  after  the  instru- 
ment has  been  withdrawn,  but  also  while  it  was  still  held  in 
position  within  the  opening  of  the  glottis.  At  present  there- 
fore I  am  inclined  to  think  that  the  arteries  of  the  mylohyoid 
muscle  of  the  frog  behave  in  accordance  with  what  may  prove 
to  be  a  general  law,  viz.  that  stimulation  of  a  sensory  nerve 
causes  dilatation  of  the  smaller  arteries  of  that  part,  with 
which  it  is  in  functional  relation,  and  constriction  more  or 
loss  marked  of  the  remaining  smaller  arteries  of  the  body. 
As  it  is  however  very  advisable   to  determine  whether  the 
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vascular  system  of  the  muscles  of  mammals  conforms  to  the 
law  of  reflex  action  here  laid  down,  before  speaking  positively 
on  the  subject  I  will  defer  further  discussion,  until  the  com- 
pletion of  certain  experiments  on  curarized  mammals,  by  which 
I  hope  to  obtain  a  solution  of  this  question;  for  I  cannot 
help  thinking,  that  I  have  laid  too  much  stress  upon  the  single 
purare  experiment  mentioned  in  my  former  paper  ^,  and  that 
it  is  very  improbable  that  curare  should  destroy  the  action  of 
vasodilator  fibres  in  the  case  of  mammals,  while  leaving  them 
intact  in  the  case  of  frogs,  especially  as  Hafiz  mentions,  that 
in  many  of  his  experiments  he  made  use  of  curare,  and  yet 
does  not  lead  one  to  conclude,  that  in  these  cases  the  dilatation 
effects  noticed  by  him  in  the  vessels  of  muscles  upon  stimula- 
tion of  the  cord  were  absent,  although  he  expressly  states  that 
the  preliminary  constriction  was  always  wanting.  Further  it  is 
not  possible  even  by  large  doses  of  curare  to  paralyse  the 
dilator  fibres  in  the  mylohyoid  nerve  of  the  frog,  for  I  have 
purposely  given  large  doses  of  curare  at  one  time  and  also  many 
times  the  usual  dose  by  means  of  injections  repeated  at  in- 
tervals, and  yet  have  always  found  that  the  vessels  of  the 
muscle  dilated  in  response  to  stimulation  of  the  nerv^. 

Aa  Claude  Bernard  has  described  a  dilatation  of  the 
branches  of  the  facial  artery  upon  stimulation  of  the  mylohyoid 
nerve  in  the  case  of  the  mammal,  I  have  experimented  in  the 
same  manner  upon  two  other  muscles  of  the  frog,  viz.  the 
abdominal  portion  of  the  pectoralis  major  and  the  lateral 
portion  of  the  rectus  abdominis  muscles,  and  have  seen  in  each 
case  dilatation  of  their  arteries  upon  stimulation  of  their 
respective  nerves.  As  however  the  preparation  of  these  muscles 
is  not  so  easy  as  that  of  the  mylohyoid,  I  have  not  as  yet 
extended  my  experiments  upon  their  vasomotor  nerves.  I 
have  however  seen  enough  to  justify  the  assumption  that  the 
phenomena  described  in  this  paper  are  not  confined  to  the 
mylohyoid  muscle.  In  the  case  of  the  tongue  I  am  inclined 
from  the  few  experiments  I  have  made  to  agree  with  v.  Frey*, 
that  stimulation  of  the  glossopharyngeal,  rather  than  the  hypo- 
glossal nerve,  causes  vascular  dilatation  here,  as  also  Vulpian 
has  proved  for  the  mammal. 

1  Op.  ciU  pag«  372.  *  Op.  cit. 
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temporary  constriction  of  the  muscular  branches  of  the  ulnar 
artery,  previous  to  the  marked  dilatation  caused  by  stimulation 
of  the  spinal  cord — and  upon  this  he  founds  his  assumption  that 
the  vaso-constrictor  nerves  of  the  muscle  arteries  are  exceed- 
ingly easily  exhausted — ^yet  he  expressly  says,  that  he  has  never 
seen  the  slightest  trace  of  this  constriction  in  curarized  animals, 
although  at  the  same  time  there  is  marked  constriction  in  other 
arteries,  and  also,  that  as  a  rule  stimulation  of  the  upper  portion 
of  the  spinal  cord  causes  no  constriction  of  the  muscle  arteries, 
but,  on  the  contrary,  causes  a  great  increase  in  the  amount  of 
blood  flowing  from  the  cut  surface  of  the  muscle.  Hence  it 
seems  to  me  plain,  that  in  those  cases  where  he  noticed  con- 
striction of  the  muscle  arteries  upon  stimulation  of  the  spinal 
cord,  there  must  have  been  at  the  same  time  a  contraction  of 
the  muscle;  and  that  therefore,  whichever  of  his  diiSerent 
methods  was  the  one  by  which  he  noticed  the  fact  of  constric* 
tion,  the  mere  presence  of  a  simultaneous  contraction  of  the 
muscle  must  have  made  it  very  difficult,  to  say  the  least,  for 
him  to  have  been  sure  that  what  he  observed  was  really  due  to 
the  stimulation  of  vaso-constrictor  fibres  of  the  muscle  arteries. 
In  the  case  of  a  curarized  frog,  stimulation  of  the  medulla  causes 
a  decided  dilatation  of  the  arteries  of  the  mylohyoid  muscle 
without  any  previous  constriction,  although  at  the  same  time 
the  arteries  in  the  web  are  strongly  contracted  ;  and  if  the 
mylohyoid  nerve  be  first  cut,  then  stimulation  of  the  medulla 
remains  without  any  marked  eflFect,  there  being  certainly  no 
constriction  although  possibly  a  very  slight  dilatation  produced. 

4.     Effects  of  reflex  stimulation. 

As  I  have  mentioned  in  my  former  paper,  it  does  not 
follow  that,  because  contraction  of  a  muscle  is  accompanied 
by  dilatation  of  its  arteries  when  the  muscle-nerve  is  artificially 
stimulated,  the  same  thing  should  occur  in  the  case  of  a 
contraction  of  the  muscle  caused  by  voluntary  or  reflex 
stimulation.  As  it  is  not  possible  in  the  frog  to  examine  the 
muscle  and  note  the  effects  of  voluntary  muscular  contraction, 
one  is  compelled  to  confine  oneself  to  the  question,  what  is  the 
effect  of  reflex  action  on  the  arteries  of  the  mylohyoid  muscle. 
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As  is  well  known,  stimulation  of  a  sensory  nerve  causes  a  great 
increase  in  the  blood-pressure  of  the  larger  arteries,  owing  to 
a  reflex  constriction  of  a  large  number  of  the  smaller  arteries 
in  the  body.    A  very  indirect  proof,  that  the  arteries  of  muscles 
do  not  partake  in  this  previously  supposed  nearly  universal 
constriction,  is  given  by  Hafiz ;  whether  however  the  muscle- 
arteries  simply  remain  unaffected,  or  are  partially  constricted,  or 
whether  they  absolutely  dilate  upon  stimulation  of  a  sensory 
nerve,  his  method  of  observation  is  insufficient  to  show ;    he 
simply  proves,  that  all  blood  channels  are  not  occluded,  when 
by  different  means  he  causes  a  great  rise  of  pressure  in  the 
carotid;  he  concludes  thereupon,  that  the  open  paths  for  the 
blood  stream  are  situated  in  the  musdes.    By  my  method  of 
observation,  I  was  able  to  test  how  far  this  theory  is  true 
for  the  frog,  at  the  same  time  being  able  to  control  the  effect 
of  the  stimulation,  by  observing  simultaneously  the  circulation 
in  the  web  and  the  muscle.    The  nerves,  whose  central  ends 
I  stimulated  with  varying  strengths  and  durations  of  stimula- 
tions, were  the  two  sciatics,  the  vagi,  and  the  opposite  mylo- 
hyoid, and  in  no  case  was  there  any  dilatation  of  the  arteries 
under  observation  to  be  seen ;  either  no  change  at  all  was 
produced,  or  else  together  with  a  diminution  in  the  rapidity 
and  fulness  of  the  blood  stream  a  slight  very  gradual  con- 
striction of  the  artery  was  observed.    At  the  same  time  it  was 
seen,  that  the  vessels  of  the  web  constricted  notably  when  those 
in  the  muscle  remained  unaltered,  and  that  in  the  case  of 
stronger  stimulation  where  there  was  a  very  slight  constriction 
of  the  mylohyoid  arteries  to  be  observed,  those  of  the  web  were 
absolutely  occluded  and  the  whole  circulation  there  stopped; 
this  was  true,  not  only  when  the  central  ends  of  the  sciatic 
and  vagi  nerves  were  stimulated,  but  also  when  the  ner%'e 
made  use  of  was  the  opposite  mylohyoid ;   it  being  no  more 
possible  to  produce  any  marked  effect  on  the  muscle  arteries 
by  the  use  of  this  latter  nerve,  than  by  the  use  of  any 
other  sensory  nerve.    It  seems  then  clear,  that  stimulation  of 
sensory  nerves,  while  causing  a  marked  constriction   in  the 
arteries  of  the  web,  does  not  affect  the  arteries  of  the  muscles 
to  any  great  extent  in  either  one  way  or  the  other,  what  effect 
there  is  being  rather  in  the  direction  of  constriction  than 
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dilatation.  That  there  is  a  slight  constriction  caused  seems 
probable  from  the  fact,  that  although  if  the  muscle-nerve  is 
left  intact  stimulation  of  an  ordinary  sensory  nerve  never  pro* 
duces  a  trace  of  dilatation  in  the  artery  under  observation,  but 
either  no  effect  or  else  a  slight  constriction,  yet  when  the 
muscle-nerve  has  first  been  cut  and  a  sufficient  time  elapsed 
for  the  circulation  to  have  recovered  its  normal  character,  then 
stimulation  of  an  ordinary  sensory  nerve  sometimes  causes  a 
slight  dilatation  of  the  muscle-arteries,  owing  clearly  to  the 
greater  amount  of  blood  sent  through  the  muscle  in  conse- 
quence of  the  marked  constriction  occurring  in  other  parts  of 
the  body ;  therefore,  even  in  those  cases  where  the  stimulation 
of  a  sensory  nerve  appears  to  produce  no  effect  on  the  calibre 
of  the  muscle-arteries,  this  very  fact  shows,  that  in  reality  the 
vaso-constrictor  fibres  in  the  muscle-nerve  must  have  been 
thrown  into  action  to  such  an  extent  as  to  counteract  the 
dilatation,  that  would  otherwise  have  taken  place  in  conse- 
quence of  the  increased  flow  of  blood  through  these  vessels. 

From  this  fact  then,  that  stimulation  of  a  sensoiy  nerve 
does  not  cause  dilatation  of  the  vessels  of  the  muscle,  it  would 
seem  to  follow  that  a  contraction  of  the  muscle  caused  by  reflex 
action  is  not  accompanied  by  a  stimulation  of  the  vaso-dilator 
nerves  of  the  muscle.  Before  however  one  can  speak  with 
certainty  on  this  point,  it  is  necessary  to  make  sure  that  there 
is  no  particular  locality,  stimulation  of  which  will  produce 
dilatation  of  the  arteries  in  question.  We  know  already  a 
considerable  number  of  local  reflex  dilatations  of  vessels; 
thus  stimulation  of  the  central  ends  of  the  saphena  and 
great  auricular  nerves  of  the  rabbit  causes  a  dilatation  of 
the  saphena  artery  and  of  the  median  artery  of  the  ear 
respectively  (Lovdn)*,  and  in  the  case  of  the  submax- 
illary gland,  stimulation  of  the  tongue  or  central  end  of  the 
lingual  nerve  causes  a  reflex  dilating  action  of  the  chorda  tym- 
pani  (Yulpian).  This  latter  case  seems  especially  to  shew, 
that  the  same  cause  which  calls  the  function  of  an  organ  into 
play  calls  into  action  the  vaso-dilator  nerves  of  that  organ ; 
therefore  applying  this  to  the  case  of  the  mylohyoid  muscle, 
it  is  clear  that  the  most  likely  method  to  obtain  a  reflex  dila- 
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reversed  during  eacli  of  these  shortly  lajsting  dilatations,  and  at 
the  end  the  arteiy  remains  constricted  and  the  corpuscles  sta- 
tionary as  in  the  first  case;  if,  as  sometimes  occurs,  probably 
from  some  peculiarity  in  the  tension  of  the  muscle,  the  cor- 
puscles are  moving  in  the  reverse  direction,  i.e.  from  the  veins 
to  the  arteries,  during  the  constriction  of  the  vessel,  then  with 
each  dilatation  the  motion  is  changed  to  the  normal  direction; 
sometimes  the  artery  under  observation  is  found  to  be  absolutely 
constricted  directly  after  the  removal  of  the  heart;  this  I  have 
only  noticed  in  three  cases  when  the  heart  had  been  cut  out 
previous  to  the  section  of  the  muscle  nerve,  and  in  each  case 
subsequent  section  of  the  nerve  was  without  eiSect,  the  artery 
remaining  in  the  same  state  of  absolute  constriction.    Upon 
stimulation  of  the  nerve,  either  when  the  arteiy  is  at  the  end  of 
its  constriction  or  while  it  is  still  constricting,  a  marked  dilata- 
tion of  the  vessel  is  often  seen  to  take  place,  the  corpuscles 
moving  in  a  direction  the  reverse  of  their  motion  during  con- 
striction; the  amount  of  this  dilatation,  though  sometimes  as 
great  as  the  doubling  of  the  calibre  the  vessel  possessed  jnst 
before  the  stimulation,  is  yet  always  less  than  that  produced  by 
the  same  stimulation  when  the  full  circulation  is  present,  and 
is  often  sufficient  only  to  enlarge  the  vessel  up  to  that  size, 
which  might  be  considered  the   normal  one  previous  to  the 
removal  of  the  heart.    In  one  of  the  three  cases  above  mention- 
ed where  the  artery  remained  absolutely  closed  after  section  of 
the  nerve,  the  unstriped  muscular  fibres  could  be  clearly  seen 
projecting  along  the  edge  of  the  artery  and  the  inner  lumen  was 
clearly  marked  by  two  lines  nearly  touching,  so  that  by  using  a 
power,  with  which  every  space  on  the  micrometer  scale  corre- 
sponded to  yV?  ^•'^•>  ^^^  whole  vessel  measured  6,  each  mus- 
cular wall  representing  2  and  the  inner  lumen   1.      Upon 
stimulation  of  the  muscle  at  the  point  of  entrance  of  the  nerve, 
the  hitherto  closed  vessel  was  made  to  open  and  finally  after 
two  or  three  stimulations  the  size  of  the  vessel  had  reached 
7,   of  which  the  inner  lumen  represented  5  and  each  mus- 
cular wall  only  1 :  at  the  same  time  the  separate  projections 
of  the  contracted   muscle  fibres  nearly  disappeared,  so  that 
the  outer  edges  of  the  vessel  were  now  almost  as  smooth  as 
those  of  the  inner  lumen.    As  the  vessel  dilated  two  corpuscles 
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made  their  appearance  coming  from  the  venous  side,  which  when 
the  vessel  again  hegan  slowly  to  constrict  moved  again  towards 
the  veins;  as  long  as  the  observation  lasted  the  artery  now  re- 
noained  open,  the  inner  lumen  never  becoming  less  than  3. 

The  foregoing  experiment  does  not  enable  us  to  decide 
between  the  two  rival  theories,  which  have  been  put  forward 
to  explain  vaso-dilator  action,  for,  although  on  the   "active 
dilatation"  theory  it  is  easy  to  see  how  the  stimulation  of  the 
peripheral  ends  of  vaso-dilator  fibres  might  occasion  a  dilatation 
of  an  artery,  while  at  the  same  time  the  removal  of  tonicity 
implied  by  the  section  of  the  nerve  was  unable  to  do  so ;  yet  it 
is  also  quite  conceivable,  that  the  section  of  the  nerve,  i.e.  the 
removal  of  the  action  of  some  cerebro-spinal  vasomotor  centre, 
was  unable  to  produce  any  effect,  because,  in  consequence  of 
the  absence  of  the  blood-supply,  the  tonic  influence  of  the 
peripheral  local  vasomotor  centres  was  so  much  increased,  that 
this  alone  was  able  to  hold  the  vessel  in  a  state  of  constriction ; 
while,  on  the  other  hand,  stimulation  of  the  peripheral  end  of 
the  nerve  caused  the  vessel  to  dilate,  because  the  action  of  the 
peripheral  local  centres  was  thereby  inhibited.    As  an  alterna- 
tive to  this  view,  it  may  be  urged,  that  possibly  the  mylohyoid 
nerve  contains  only  a  few  vaso-constrictor  fibres,  and  that  the 
majority  of  these  fibres  take  some  other  course,  as  for  instance 
directly  along  the  vessels  of  the  muscle  themselves^  so  that 
section  of  the  nerve  in  the  case  cited  was  unable  to  produce 
any  effect,  because  the  supposed  other  ccmstrictor  fibres  were 
thrown  strongly  into  action  by  the  stimulation  of  the  cerebro- 
spinal vaso-motor  centre,  in  consequence  of  the  absence  of 
its  blood-supply;   while  stimulation  of  the  peripheral  end  of 
the  nerve  removing  the  action  of  all  constrictor  fibres  allowed 
the  artery  to  relax;  and  as  a  proof  of  the  existence  of  these 
fibres,  the  fact  might  be  urged,  that  it  is  ordinarily  possible 
to  produce  a  greater  dilatation  by  stimulation  of  the  nerve, 
than  by  section  of  it,  and  therefore  that  the  mylohyoid  nerve 
does  not  contain  all  the  constrictor  fibres  of  the  arteries;  also 
the  varying  length  of  time  that  dilatation  lasts  after  section  of 
the  nerve  would  be  explained  by  supposing  that  sometimes 
more  sometimes  less  constrictor  fibres  are  contained  in  the  nerve 
itselC    Against  this  possibility  however  is  the  fact,  that  stimu- 
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lation  of  the  upper  portion  of  the  spinal  cord  is  absolutely  with- 
out effect  when  the  mylohyoid  nerve  has  first  been  cut;  also,  if 
there  were  nerves  of  this  character  situated  upon  the  vessels 
themselves,  it  seems  reasonable  to  suppose^  that  direct  stimular- 
tion  of  an  artery,  by  not  only  stimulating  them,  but  also  stimu- 
lating the  muscular  coat  of  the  vessel  itself,  ought  to  produce  a 
marked  contraction  of  the  vessel  I  therefore  performed  a  series 
of  experiments  on  the  direct  stimulation  of  the  muscle  arteries 
with  the  following  results. 

In  order  to  confine  the  stimulation  to  the  small  artery  under 
observation,  and  at  the  same  time  not  to  injure  the  vessel  or 
the  muscle  by  the  application  of  the  electrodes,  I  attached  to 
each  of  the  platinum  points  a  long,  thin,  very  findy  pointed  strip 
of  tinfoil,  and  arranged  so  that  I  could  place  each  tinfoil  point 
so  as  just  to  touch  the  muscle  at  any  particulax  spot  I  desired. 
In  order  to  use  the  same  magnifying  power  as  in  my  other 
experiments,  I  at  first  placed  these  electrodes  underneath  the 
muscle  and  moved  them  upwards,  until  I  could  see  on  look- 
ing through  the  microscope  that  their  points  just  touched  the 
muscle  at  the  right  places;  finding,  however,  that  it  was  very 
difficult  to  be  sure  of  placing  them  rightly  in  position  in  this 
way,  I  discarded  the  higher  object-lens,  and  in  most  of  my 
observations  made  use  of  a  power,  by  which  every  space  of  the 
micrometer  scale  corresponded  to  ^th  m.m.     With  this  power 
I  was  able  to  insert  the  tinfoil  strips  betAveen  the  lens  and  the 
muscle,  and  could  therefore  easily  manipulate,  so  that  the  points 
alone  of  the  tinfoil  strips  touched  the  muscle  wherever  I  pleased. 
Again  seeing  that,  except  with  a  very  weak  current,  tiie  con- 
traction of  the  muscular  fibres  between  the  electrodes  is  neces- 
sarily so  stroDg,  as  to  prevent  at  all  accurate  measurement  of  the 
artery  under  observation  during  the  stimulation  itself,  I  adopted 
the  plan  of  limiting  the  time  of  stimulation  to  one  second  or 
less,  and  to  prevent  the  possibility  of  the  tinfoil  points  holding 
the  muscle  in  its  contracted  position,  I  lifted  them  rapidly  firom 
the  muscle  at  the  end  of  the  stimulation ;  by  this  means  I  was 
able  to  measure  accurately  the  calibre  of  the  artery  in  less  than 
ten  seconds  after  the  commencement  of  the  stimulation,  a  time 
sufficiently  short,  so  it  seems  to  me,  to  make  certain,  whether  the 
primary  effect  of  the  stimulation  was  a  constriction  or  a  dilata- 
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tioik  of  the  vesgel.     By  these  methods  I  found  that,  whether  the 
tinfoil  poiuts  were  placed  so  that  the  current  passed  longitudi- 
nally along  the  axis  of  the  artery,  or  transversely  across  that 
axis,  with  a  stimulus  so  weak  as  to  cause  a  contraction  of  the 
muscle  not  sufficient  to  interfere  with  the  measurement  of  the 
artery,  the  vessel  was  seen  to  dilate  steadily  from  the  com- 
mencement of  the  stimulation,  without  any  sign  of  previous 
constriction,  the  dilatation  occurring  during  the  stimulation 
itself  and  continuing  after  it  was  over,  if  the  time  of  stimulation 
was  short  enough;  in  fact,  the  dilatation  produced  was  quite 
similar  to  that  caused  by  stimulation  of  the  nerve;  in  the  case 
of  a  stronger  stimulation  lasting  less  than  one  second,  the  artery 
was  found  to  be  dilated  as  soon  as  it  could  be  measured  again,  and 
this  dilatation  continued  until  it  had  reached  its  maximum 
about  30"  after  the  stimulation,  the  maximum  being  as  great  as 
could   be  produced  by  stimulation  of  the  nerve;  upon  still 
further  increasing  the  strength  of  the  stimulation,  a  point  was 
at  last  reached,  when  instead  of  an  increasing  dilatation  of  the 
vessel  after  a  stimulation  of  less  than  one  second  duration,  the 
artery  under  observation  was  found  to  be  most  markedly  con- 
stricted  as  soon  as  the  measurement  was  again  possible,  and 
this  constriction  so  caused  was  by  no  means  temporary,  but 
instead  lasted  for  much  the  same  length  of  time  after  the  stimu- 
lation, as  the  constriction  caused  in  the  arteries  of  the  web  by 
the  same  mode  of  procedure,  the  vessel  remaining  nearly  abso- 
lutely closed  for  some  time  and  difficult  to  see,  and  then  gradu- 
ally reopening,  until  at  last  it  reached  a  size  decidedly  greater 
than  before  the  stimulation,  although  not  so  great  as  was 
previously   obtained  by   using  a  slightly  weaker  strength  of 
current.     The  dilatation  that  follows  upon  a  weak  or  mode- 
rately strong  stimulation  occurs  whether  the  nerve  has  been 
previously  cut  or  not.    Frequently  when  the  electrodes  have 
been  placed  transversely,  so  that  the  current  crosses  the  artery, 
it  is  seen,  that  the  dilatation  caused  by  stimulation  is  confined 
or  nearly  confined  to  that  particular  part  of  the  vessel  between 
the   electrodes,  a  most  marked  bulging  taking  place  at  this 
spot,  the  rest  of  the  artery  and  the  neighbouring  vessels  being 
hardly  if  at  all  altered;   and  then,  upon  stimulating  with  a 
much  stronger  current,  this  part  of  the  vessel  alone  is  constricted 
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to  nearly  absolute  closure,  the  rest  of  the  artery  both  in  front  of 
and  behind  the  affected  piece  being  somewhat  dilated^  with  a 
more  rapid  full  stream  on  the  proximal  side  and  a  full  slugg^ish 
stream  on  the  distal  side;  this  local  constriction  being  followed 
by  a  decided  local  dilatation  of  the  same  part.    The  arteries 
some  little  distance  removed  from  the  electrodes  are  quite  unaf- 
fected, remaining  of  the  same  calibre  throughout.    I  am  unable 
as  yet  to  say  in  what  way  the  change  takes  place  from  dilatation 
on  stimulation  to  constriction  on  stimulation,  although,  from 
what    I   have    noticed    in   one  case,  the  sequence  of  events 
seemed  rather  to  be,  that  up  to  a  certain  strength  of  current 
dilatation  alone  was  observed,  then  with  a  very  slightly  stronger 
current  a  brief  constriction  quickly  followed  by  dilatation  took 
place,  and  with  the  increase  of  the  strength  of  the  current  the 
constriction  became  more  lasting  and  more  manifest,  the  subse- 
quent dilatation  occurring  later,  until  a  strength  was  reached, 
which  caused  a  long-enduring  very  marked  constriction  of  the 
vessel 

From  these  experiments  two  things  appear  to  me  dear,  Ist, 
that  direct  stimulation  of  an  artery  does  not  necessarily  cause 
that  artery  to  contract,  but  may  cause  it  to  dilate ;  2nd,  that 
the  assumption  of  Hafiz,  that  the  unstriped  muscular  fibres  of 
the  arteries  of  muscle  are  very  easily  exhausted,  is  again  proved 
to  be  untenable;  for,  if  this  were  the  case,  one  would  expect  to 
find  constriction  of  those  vessels  most  marked  upon  weak  stimu- 
lation,  and  dilatation  of  them  upon  strong  stimulation,  whereas 
the  reverse  is  the  case. 

Seeing  then,  that  in  the  case  of  the  arteries  of  this  muscle 
it  is  possible  to  cause  dilatation  by  nerve  stimulation,  after  the 
circulation  through  the  muscle  has  been  removed,  and  also,  that 
direct  excitation  of  the  artery  causes  it  to  dilate  if  the  stimula- 
tion is  not  too  strong,  and  to  contract  if  it  is  very  strong,  one 
seems  driven  to  seek  for  some  other  explanation  of  vaso-diiator 
action  than  the  ordinarily  accepted  theory  of  inhibition;  if,  for 
instance,  one  could  assume,  that  an  unstriped  muscular  fibre 
possesses  the  power  of  contracting  in  tvfo  directions,  longitudi- 
nally and  transversely,  so  that  in  the  one  case  the  fibre  becomes 
thicker  and  shorter,  and  in  the  other  thinner  and  longer,  then 
the  difference  between  vaso-constrictor  and  vaso-dilator  nerve- 


VASOMOTOit  NERVES  OF  STRIATED   MUSCLES.  753 

fibres  would  consist  in  the  assumption,  that  in  the  first  case  the 
nerve-fibre  terminates  in  the  muscle  in  such  a  way,  as  to  cause 
upon  its  excitation  a  contraction  in  the  direction  of  the  long 
axis,  and  in  the  second  case  a  contraction  in  the  direction  of  one 
of  the  short  axes  of  the  muscle-fibre. 

However,  upon  the  supposition,  that  dilatation  of  an  artery 
is  caused  not  by  the  removal  of  contraction  but  by  contraction 
in  another  direction,  it  is  reasonable  to  assume  that,  just  as  it 
is  possible  to  cause  constriction  of  arteries  by  nerve  stimulation 
in  a  tissue  that  has  been  removed  from  the  body,  so  it  should 
be  possible  to  cause  dilatation  of  the  arteries  of  the  mylohyoid 
muscle  by  stimulation  of  its  nerve,  when  the  muscle  has  been 
entirely  removed  from  the  body.    In  all  my  attempts  to  obtain 
dilatation  in  this  way  I  have  completely  failed;  stimulation  of 
the  nerve  of  the  isolated  curarised  muscle,  which  has  been  sepa- 
rately pinned  out  under  the  microscope,  producing  no  effect 
whatever  upon  the  size  of  the  muscular  arteries.      I  am  in- 
clined therefore  at  present  to  imagine,  that  it  is  not  possible  to, 
produce  dilatation  of  an  artery  from  which  all  internal  pressure 
has  been  removed,  and  that  in  the  eases  where  dilatation  was 
caused  after  removal  of  the  heait,  there  was  really  sufiicient 
blood-pressure  left  in  the  whole  vascular*  system  to  cause  the 
amount  of  dilatation  observed  upon  the  hypothesis  of  inhibitory 
action  alone.     One  must  then  explain  the  dilatation  caused  by 
direct  stimulation  of  an  artery  as  due  to  excitation  of  the 
endings  of  the  vaso-dilator  nerves,  while  the  marked  constriction 
that  occurs  upon  very  strong  direct  stimulation  would  be  due 
to  the  excitation  of  t!he  circular  muscle  fibres  themselves  over- 
powering the  action  of  the  dilator  fibres.     Although  therefore 
for  the  present  I  do  not  deem  the  evidence  strong  enough  to 
overthrow  the  accepted  theory  of  inhibitory  action,  yet  it  might 
possibly  be  worth  while  to  investigate,  whether  between  the 
simple  unspecialized  contractile  protoplasm  of  the  amoeba,  capa* 
ble  of  contraction  in  all  directions,  and  the  highly  specialized 
striated  muscle  fibre,  intermediate  forms  of  contractile  tissue 
may  not  be  found,  in  which  the  power  of  contraction  is  limited 
along  certain  axes;  and  whether  the  smooth  unstriped  muscular 
fibre  may  not  represent  one  of  these  intermediate  stages. 
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NOTE  ON    THE    EFFECT  OF  HEAT  ON  THE   HEARPS 
ACTION  IN  THE  CHICK.     Bj  Professor  Clelakd,  Galtoay. 

Perhaps  it  k  nob  so  generallj  known  as  it  miglit  be  that  the  heart's 
action  in  the  early  stages  of  development  of  the  chick  is  very  easUf 
accelerated  hy  heat,  and  that  this  can  be  exhibited  with  the  utmost 
facility  on  a  watch-glass. 

I  may  state  that  in  examining  embryos  of  24  houra  and  up- 
wardfly  I  find  it  best  not  to  subject  them  to  the  action  o'f  saline 
solutions,  but  to  clean  them  as  rapidly  as  possible,  and  examine  them 
with  no  more  water  present  than  is  necessary  to  preserve  the  natural 
degree  of  moisture.  In  this  way  a  better  view  of  anatomical  details 
is  obtained  than  by  immersion  in  fluid,  and  the  embiyo  may  be  kept 
alive  for  a  considerable  time ;  as  will  be  seen  from  the  following  note 
of  the  effect  of  heat  in  a  particular  instance. 

The  egg  was  52  hours  hatched ;  the  'sinus  terminalis  was 
partially  ^ed  with  blood,  and  the  heart  colourless.  The  ^nbiyo 
was  floated  out  on  a  watch-glass,  and  the  water  poured  off  so  as 
to  leave  the  embryo  adherent.  The  heart  beat  r^^ularly  at  36 
beats  per  minute  for  some  time.  Laid  on  the  cold  table  for  a 
moment,  it  stopped ;  but  it  began  again  to  beat  when  approached  to 
the  lamp.  By  continuing  to  hold  it  near  the  lamp^  it  was  made  to 
beat  at  the  rate  of  96  per  minute.  Afterwards,  when  the  heart 
again  stopped,  a  longer  approach  to  the  lamp  became  necessary 
t6  reestablish  the  bating.  But  rhythmic  contraction  could  bo 
detected  up  to  forty  minutes  after  the  first  observation.  At  that 
time,  approach  to  the  lamp  produced  a  faint  movement  at  &e  rate 
of  100  per  minute,  which  lasted  not  more  than  15  seconds;  and  after 
that,  excitation  ceased  to  have  any  effect.  It  is  interesting  to  note 
that  in  the  chick,  where  one  homogeneous  structure  apparently  oom- 
bines  the  rhythmic  impulse,  excitability  by  artificial  irritation,  and 
contractility,  the  effects  of  heat  are  the  same  as  on  fully  formed 
hearts  supplied  with  ganglia. 


NOTE  ON  MR  GORDOFS  PAPER  '  ON  CERTAIN  MOLAR 
MOVEMENTS,  ETC  Jowmal  of  Anatomy  and  Physiology, 
Vol.  XI.  p.  533. 

No  doabt  Mr  Gordon's  general  explanation  of  the  phenomenon  he 
has  observed  is  correct  as  far  as  it  goes;  but  the  actions  and  reactions 
between  the  heart,  the  moying  blood  and  the  walla  of  the  blood- 
vessels are  so  complicated  that  any  rigorooa  discussion  of  their  effects 
would  be  both  very  difficult  and  very  lengthy.  The  simplest  way  of 
treating  the  mechanical  problem  seems  to  be  the  following. 

During  systole  a  certain  quantity  of  blood  is  transferred  from  the 
heart  to  the  great  vessels.  As  the  abdominal  aorta  and  its  branches 
constitute  an  important  part  of  the  arterial  system  and  are  at  a 
comparatively  considerable  distance  from  the  heart,  the  effect  of  this 
transfer  is  to  cause  the  centre  of  gravity  of  the  body  to  be  somewhat 
nearer  to  the  feet  immediately  after  systole  than  before  it.  Now  as 
no  internal  actions  can  alter  the  position  of  the  centre  of  gravity  in 
space,  the  whole  body  must  move  during  svstole — if  no  external 
forces  are  acting  upon  it — in  the  direction  in  which  the  upper  portion 
of  the  trunk  is  pointing,  so  that  the  position  of  the  centre  of  gravity 
in  space  may  be  unchanged. 

The  motion  of  the  body  at  any  moment  must  be  proportional  to 
the  excess  of  downward  over  upward  transference  of  blood  at  the 
time.  The  curve  representing  it  must  therefore  resemble  the 
aortic  pulse  curve,  though  the  correspondence  is  probably  not  so  exact 
as  Mr  Gordon  supposes. 

The  simplest  way  of  getting  an  accurate  tracing  would  j»x)bably 
be  to  suspend  the  body  as  Mr  Gordon  does,  and  to  attach  the  tracing 
point  rigidly  to  the  skuU  by  holding  the  rod  which  carries  it  firmly 
between  the  teeth. 

TnnUy  College,  COUTTS  TROTTER. 
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Baumann,  sulphuric  acids  in  organism^, 

667 
Baxt,  relation  of  vagus  to  accelerans, 

557 
Bernard,  influence  of  etherisation  on 

vital  phenomena,  575 
Bernstein,  automatic  organs  in  frog's 

heart,  549;  mammalian  muscle,  568 
Berthelot,  anaesthesia,  575 
Biliary  secretion  of  Bog,  Butherford 

and  Yignal  on,  61,  625 ;  sulphur  in, 

562,  565 
BUifuscin,  564 

Birds,  development  of  nerves  iny  491 
Binz,  toxicology  of  caffein,  207 
Bloch,  current  in  sensory  nerves,  544 
Blood,  variation  in  amount  of,  192; 

coagulation  of  fibrin,  193, 195,  558; 

origin  of   fibrinoplastio  substance, 

196 ;  coagulation  of,  producing  moiar 

movements,  538;  decomposition  of 

urea  in,  555;  process  of  ozydation, 

556 


Blood-corpuscles,  effect  of  pnrgalion 

&e,  on,  556 
Blood-vessels,  action   of  astringents 

on,  578 
Blood-pressure,    efEeet  of  baths   on, 

551 ;  volumetric  estimation  of,  551 ; 

effect  of  stimulation  of  splanchnicus 

on,  557;  effect  of  respiration  on,  558 
BoU,    doe  PHneip   des    WaehUhumt. 

575 
Bones,  effect  of  lactic  add  on,  569 
Bowditch,  force  of  dHary  motion,  569; 

new  induction  apparatus,  570 
Brain,  functions  of  in  newly-born,  541 ; 

electrical  stimulation  of,  542;  func- 
tions of,  542 
Brecht,  the  reflex  in  the  region  ol  the 

macula,  545 
Bretet,  see  Gomillott 
Bridge,  T.  W.,  osteology  of  Amia  Galva, 

605 
Brooke  and  Hopwood,  changes  in  dr. 

culation  by  Esmareh's  method,  807 
Brouardd,  effect  of  purgation^  dte.  on 

blood-corpnsdes,  556 
Brunner*s  glands,^  561 
Budge,  lymphatics  of  liver,  562 
Bullar,  J.  F.,  generative   organs   of 

parasitic  Isopods,  118 
Butyl-chloral,  action  on  rabbits,  570 

C. 

G8;ffeiD,  toxicology  of,  207 

Camel's  liver,  lobules  and  connective 
tissue  of,  354 

Carpenter,  P.  H.,  arms  of  Crinoids, 
87 

Carville  and  Duret,  functions  of  cere- 
bral hemispheres,  185 

Cerebellum,  physiology  of,  187;  atro- 
phy of  left  hemisphere,.  858 

Cerebrum,  thermal  influences  from, 
184;  functions  of  hemispheres,  185; 
faradisation  of  cortex,  186;  effects 
of  exdtation  on  heart,  187;  atrophy 
of  right  hemisphere,  858;  of  frog, 
electrical  exdtability  o^  542;  func- 
tions of,  542 

Chandelon,  glycogen  in  musde,  563 

Chauveau,  unipolwexdtation  of  nerves, 
544 

Chirone,  double  muscular  action,  568 

Chloride  of  sodium,  rda^on  of  to 
fermentative  processes,  554 

Cholic  add,  oxidation,  564 
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Chromimu,  physiological  action  of, 
286 

Ciliazy  motion,  force  of,  569 

Giroulation  stage,  403 

Cleland,  Prof.,  description  of  Sola 
Bknll,  663 ;  effect  of  heat  on  heart's 
action  of  ibiekf  754 

Colchicin,  action  of,  574 

Colour,  theory  and  sensation,  546 

CrOzniUon  and  Bretet,  action  oi  alkalies 
in  saliva,  559 

Coronary  artery,  current  in,  198 

Corpora  qnadiigemina,  functions  of, 
542 

Cray-fish,  stomach  of,  Parker  on,  54 

Creiighton,  I>r,deYelopment  of  Mamma, 
1 

Crinoids,  arms  of,  Carpenter  on,  87 

CnnniTighani,  Dr,  spinal  neryons  sys- 
tem of  Porpoise  and  Dolphin,  209; 
connecting  twig  between  ant.  divi- 
sions of  first  and  second  dorsal 
nerves,  539 

Curara,  inflaence  on  lymph  and  emi- 
gration of  corpuscles,  198 

Cnrd,  action  of  anemonin^  570 

D. 

Dehn,  excretion  of  potash  salts,  667 
Development  of  Elasmobranch  fishes, 
Balfonr  on,  128,  406,  674;  of  nerves 
in  Birds,  Marshall  on,  491 ;  of  Gni- 
nea-Pig,  832 
Diaphragm,  absorption  from,  200 
Dolphin,  spinous  nervous  system  of, 

209 
Dreschfeld,  on  a  new  staining  fluid, 

181 
Drosdoff,  contraction  of  spleen,  204 
Duckworth,  Dyce,  aperture  in  septum 

of  heart,  183 
Dnpuy,  transmission  of  artificial  al- 
terations to  two  generations,  208 

E. 

Elasmobranch  fishes,  development  of, 
Balfour  on,  128,  406, 674 

Elaterium,  dehiscence  of  fruit,  348 

Elliott,  Dr  B.,  case  of  Univentricular 
Heart,  302 

Englemann,  contractility  and  double 
refraction  of  muscle,  568 

Erler,  relation  of  excretion  of  car- 
bonic acid  to  bodily  temperature,  199 

Eserine  sulphate,  action  on  ciliaiy 
muscle,  548 

Esmarch's  method,  effect  on  circula- 
tion, 307 

Eaoff,  urobilin  in  urine,  567 

Etherisation,  effects  of,  575 

Eulenberg,  physiology  and  pathology 
of  cerebral  cortex,  542 


Eulenberg  and  Landois,  thermal  in- 
fluences from  cerebrum,  184;  rela- 
tion to  vaso-motor  nerves,  545 

Evolution,  with  reference  to  placenta, 
Turner  on,  33 

Ewart,  J.  C,  structure  of  the  retina, 
96 

Eye,  influence  of  on  metamorphosis 
of  tissue,  191;  ophthalmosoopio 
phenomena  as  signs  of  death,  545; 
reflex  in  region  of  macula,  645 ; 
field  of  vision,  546;  photo-chemical 
processes  in  retina,  545;  accommo- 
dation influenced  by  eserine,  648 

F. 

Fat,  synthesis  of,  659;  formation  of, 

677 
Feinberg,  irritation  of  skin,  566 
Feltz  and  Bitter,  bile  salts  in  blood, 

565 
Ferments,  660, 661 
Fermentative   processes,,  relation   of 

to  chloride  of  sodium,  664 
Ferrier,  functions  of  brain,  642 
Fibrin,  origin  of,  563 
Fick,  conduction  of  currents  through 

nerves,  544 
Filehne,  physiological  action  of  nitro- 

pentans,  &c.,  670;  of  musk,  570 
Flint,  Dr  A.,  Jun.,  muscular  exercise 

and  excretion  of  nitrogen,.  109 
Foetus,  respiration  of,  568 
Foster,    Michael,   Text-book   of  phij' 

nologiff  575 
Frankel,  decomp.  of  albumen,  567 
Friedrich  and  Mayer,  action  of  amyl, 

672 
Frog,  absorption  through  skin  of,  629 
Filrbringer,  excretion  of  oxalic  acid 

in  urine,  567 
Ffirstner,     electrical    stimulation    of 

brain,  642 

G. 

Gamgee  and  Larmuth,  action  of  vana- 
dium on  Frog's  heart,  236 

Gamgee  and  Friestiey,  poisonous  ac- 
tivity of  phosphorus  in  ortho,  meta, 
and  pyrophosphoric  acids,  256 

Gamgee,  Priestiey  and  Larmuth,  ac- 
tion of  pyrophosphoric  acid  on  cir- 
culation, 273 

Gaskell,  W.  H.,  changes  in  blood- 
stream in  muscles  through  stimula- 
tion of  nerves,  360,  568 ;  vaso-motor 
nerves  of  striated  muscles,  720 

Gayat,  ophthalmoscopic  phenomena 
as  signs  of  death,  646 

Gilbert  and  Lawes,  formation  of  fat  in 
the  animal  body,  577 

Glycogen,  various  points,  563 
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Gordon,  J.  W.,  molar  moyementB  of 

body    prodooed   by   ciroalation    of 
•  blood,  533 
Qray,  0.,  note  on  ease  of  atrophy  of 

right  hemisphere  of  cerebrom,   of 

left  cerebellum,  Ssc^  353 
Griibler,    crystalline    oonstitaentB    of 

long  juice,  558 
Grtttzner,  formation  and  ezeretion  of 

pepsin,  201 ;  ferments,  561 
Guinea-pig,  development  of,  332 
Gonn,  minate  anatomy  of  retina^  357, 
-    note  to,  516 

H. 

Hammarsten,  on  lacto-protein,  568 

iHeart,  aperture  in  septum,  188 ;  cur- 
rent in  coronary  artery,  193;  xmi- 
ventricular,  case  of,  802;  beats, 
origin  of,  549;  automatic  organs  in, 
549;  rhythm,  550;  beats,  557;  effect 
of  heat  on  action,  754 

Heiss,  effect  of  laetio  add  on  bones, 
569 

Hermann,  conduction  through  nerves, 
544;  weight  and  height  of  muscle, 
568 

Herrendorfer,  microscopy  of  pepsin, 
559 

Hippurio  acid  in  bodies  of  herbivora, 
566 

Hopwood,  E.  O.,  changes  in  circula- 
tion induced  by  Esmarch^s  method, 
307 

Horvath,  cooling  in  warm  bloods,  570 

I. 

Induction  apparatus,  570 

Inosite,  566 

Intercostal  muscles,  theory  of,  558 

Iris,  movements  of,  190 

Isopods,  generative  organs,  BuUar  on^ 

118 
Istomin,    decomposition   of   urea   in 

blood,  555 

J. 

Jacobson,  sldn  stimulation  and  tem- 
perature, 570 
Jaundice,  slowness  of  pulse  in,  552 
Jernaalimflky,  action  of  quinine,  571 

E. 

Kidney,  physiology  of,  205 ;  effect  of 

irritation  of  skin  on,  565 
King,  current  in  coronary  artety,  193 
Eohts,  functions  of  corpora  quadri- 

gemina,  542 
Eonjkoff,  glycogen  in  liver,  564 
Eossel,  on  peptones,  559 
Kries,  blood-pressure  in  capillaries  of 

skin,  568 


Ettfane,    photochemical 

retina,  545 ;  organic  ferments,  5G0 
Eulz,  liver  glycogen,  564 
Eulz  and  Freriohs,  effect  of  tigatore  of 

bile  duct  on  glycogen,  564;  inosite, 

566 
Eunkel,  sulphur  in  bile,  562 


Landois,  on  the  heart-best,  567 
Langendorffy  electrical  ezoitalulity  of 

cerebrum  of  frog,  542 
Langley,  J.  N.,  action  of  piloearpin  on 

submaxillary  gland  of  dog,  173 
Laptsohlnskv,  diemistry  of  lens,  549 
Larmuth  and  Gkungee,  action  of  vanar 

dium  upon  frog's  heart,  235;  poison- 

ous    activity   of  vamtdinm,  ^  251 ; 

action  of  pyrophosphoric   aeid  on 

droulation,  278 
Lawes  and  Gilbert,  formation  of  fat  in 

the  animal  body,  577 
Legg,  J.  W.,  slow  pulse  in  jaimdioe, 

552 
Lens,  chemistry  oi,  549 
Lupine,  effects  of  ezcitatian  ai  bnin 

on  heart,  187 
Lewis,  Bevan,  freezing  microtome,  537 
Liver,  secretion  of,  S^  565;  lobules 

and  connective  tissue  of  eamel'8,854; 

lymphatics,  562  ;  glycogen,  564 
Lowne,  B.  T.,  the  quantitative  zelitian 

of  light  to  sensation,  706 

H. 

Malassez,  variation  in  amount  of  Uood , 
192 

Mamma,    Dr  Creighton  on  deTek>p- 
ment  of,  1 

Mantegazza,  origin  of  fibrin  and  eaQS9 
of  coagulation  of  blood,  553 

Marshidl,  A.  M^  early  stages  ol  de- 
velopment of  nerves  in  birds,  491 

Mayer  and  Friedrich,  action  of  amyl, 
572 

M^hu,  mucus  in  urine,  567 

Merunowics,  origin  of  heaxt  beats  4»., 
549 

Meyer,E.,pal6  and  transversely  striped 
muscles,  206 

Meyer,  Ludwig,  form  of  skuU  and  con- 
volutions of  cerebrum,  542 

Microtome,  new  freezing,  537 

Milk,  physiology  <&c.  of,  568 

Mitchell,  W„  restoration  of  sensibility 
after  division  of  nerves,  545 

M^ar  movements  produced  by  drcii- 
lation  of  blood,  533,  755 

Mosso,  on  movements  <^  iris,  190 

Munk,  partial  stimulation  of  nerves, 
544 

Murrell,  W.,   effects   of  sulphate  of 
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atropia  on  nervooB  system  of  frogs, 

M tirrell,  W.  and  S.  Binger,  obs.  and 
experiments  regarding  tetanus,  517 

Muscles,  pale  and  transversely  striped, 
206;  ohanges  in  blood-stream  through 
stimulation  of  nerves,  360 ;  height  of 
contraction,  568 ;  blood^ourrent  in, 
568 ;  warming  during  extension,  568 ; 
contractility  and  double  refraction, 
568 ;  vaso-motor  nerves,  720 

MuscTilar  exercise  and  excretion  of 
nitrogen,  Dr  Flint  on,  109;  double 
action,  568 

Musculus,  ferment  of  urea,  566 

N. 

Nepenthes,  digestive  ferment  of,  Vines 

on,  124 
Nerves,   development  in  birds,  491; 

first  and  second  dorsal,  connecting 

twig  between  ant.    divisions,   539; 

reflex  action,  543;  general  physiology 

of,  543;    restoration  of  sensibility 

after  division,  545 
Nervous    system,  thermal  effects  of 

operations  on,  545 
Nothnagel,  physiology  of  cerebellum, 

187;  reflex  inhibition,  543 

O. 

Optometer,  545 

Ostroumoff,  inhibitory  nerves  of  cuta- 
neous vessels,  187 

Owsjannikow,  reflex  functions  of  me- 
dulla and  spinal  cord,  542 

OuJio  acid,  excretion  in  urine,  567 

P. 

Paoquelin  and  Jolly,  phosphate  of  lime 

in  urine,  566 
Pancreas,  components  o^  560 
Pancreatic  juice,  action  of  alkalies  on, 
.  559;  digestion,  562 
Parker,  T.  J.,  stomach  of  fresh- water 

crayfish,  64 
Pepsin,  formation  and  excretion  of, 

201;  microscopy,  559;  formation  in 

batraohians,  659 
Peptones,  559 

Perewoznikow,  synthesis  of  fat,  559 
Pfliiger,  influence  of  respiration   on 

tissue  metamorphosis,  567 
Phillippeau,  section  of  vagus,  558 
Phosphoric  acids,  poisonous  activity  of, 

255 
Pilocarpin,  action   on   sub-maxillary 

gland,  Langley  on,  173 
Placenta,  Tumer*s  obs.  on,  with  refer- 
ence to  evolution,  33 
Platen,  von,  and  Pfliiger,  on  influence 

of  eye  on  metamorphosis  of  tissue, 

191 


Porpoise,  spinal  nervous  system  of,  209 

Priestley,  John,  poisonous  activi^  of 

phosphoric   acids,   255 ;    action  of 

pyro-phosphoric  acid  on  circulation, 

273 ;  physiological  action  of  chromi- 

urn,  285 

Pulse,  slowness  in  jaundice,  552 

Puis,  albumen  in  blood-serum,  556; 

in  milk,  568 
Pyro-phosphoric  acid,  action  on  circu- 
lation, 273 

Q. 

Quinine,  action  o^  571 

B. 

Bajewsky,  absorption  from  diaphragm, 
200 

Baoult,  influence  of  CO.  on  respiration, 
558 

Beeves,  H.  A.,  a  circulation  stage  Ac, 
403 

Beflex  action,  543 ;  inhibition,  543 

Beioh,  action  of  sulphate  of  eeerin  on 
ciliary  muscle,  548 

Bespiration,  influence  of  CO,  on,  558 ; 
of  the  foetus,  558;  effect  on  blood- 
pressure,  558 ;  influence  on  tissue 
metamorphosis,  567 

Betina,  Ewart  on,  96 ;  minute  anatomy 
of,  by  Gtmn,  857;  photo-chemical 
processes  in,  545 

Bewnoow,  effect  of  baths  on  blood-pres- 
sure, 551 

Binger,  Sydney  and  W.  Murrell,  obs. 
and  experiments  regarding  tetanus, 
517 

—  and  Bury,  the  influence  of  salidne 
with  reference  to  temperature,  589 

Bochefontaine,  faradisation  of  cerebral 
cortex,  186;  movements  produced 
by  stimulating  dura  mater,  542 

Bohlmann,  colour-theory  and  sensa- 
tion, 546 

Bohrig,  physiology  of  skin,  567; 
milk,  568 

Bosenbaoh,  physiology  of  vagus,  557 

Bosenstim,  action  of  astringents  on 
blood-vessels,  573 

Bosenthal,  on  reflex  action,  543 

BoBsbaoh,  action  of  oolchicin,  574 

Budzki,  synthesis  of  albumenoids,  559 

Butenberg;  cooling  of  body  from  rec- 
tum, 570 

Bntherford,  biliaiy  secretion  of  dog, 
61,  625 

S. 

Salicine,  influence  of,  with  reference 

to  temperature,  569 
Salicylic  acid,  effect  on  metamorphosis 

of  tissues,  567 
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Saliva,  action  of  alkalies  on,  559,  561 

Salkowski,  indican,  indol  <&o.  in  urine, 
566 

Samnel,  origin  of  bodily  temperature, 
570 

Schafer,  E.  A.,  deyelopment  of  guinea- 
pig,  332 

Schijff,  the  alkaloids  of  fungi,  570 

Schmidt,  relation  of  coagulation  of 
fibrin  to  corpuscles,  193,  to  colour- 
less elements  of  blood,  195 ;  relation 
of  chloride  of  sodium  to  fermenta- 
tiye  processes,  554 

Schneller,  the  field  of  Tision,  545 

Scwizcicld,  pepsin  in  batrachians,  559 

Seegen,  effect  of  saliva  on  glycogen, 
563 

Simonof,  bilifuscin,  564 

Skin,  absorption  through,  529 ;  effects 
of  irritation  of,  566;  physiology  of, 
567 ;  blood-pressure  in  capillaries  of, 
568 

Skull,  influence  of  form  on  convolu- 
tions of  cerebrum,  542 ;  Sulu,  663 

Socoloff,  secretion  of  liver,  204,  565 

Soltmann,  functions  of  brain  in  newly 
bom,  541 

Spinal  cord  and  medulla,  reflex  func- 
tions of,  542 ;  reflex  action,  543 

Spleen,  contraction  of,  204 

Steiner,  emulsion  Ac,  559;  warming 
of  muscle  in  extension,  568:  mam- 
malian muscle,  568 

Stephani,  effect  of  respiration  on  blood- 
pressure,  558 

Stirling,  Dr,  reports  on  physiolo^, 
184,  541,  on  absorption  through  skm 
of  frog,  529 

Stolnikow,  albumen  in  urine,  566 

Stroganoff,  process  of  oxydation  of 
blood,  556 

Sulphuric  adds  in  organism,  567 

Sulu  skull,  description  of,  663 

T. 

Tappeiner,  oxidation  of  cholic  acid, 
564 

Tarohanoff,  influence  of  curara  on 
lymph,  and  emigration  of  corpuscles, 
198 

Temperature,  relation  to  excretion  of 
carbonic  acid,  199 ;  origin  of  and 
other  points,  570 ;  influence  of  sali- 
eine  on,  589 

Tetanus,  obs.  and  experiments  regard- 
ing, by  S.  Binger  and  W.  Murrell,  517 

Tiegelfhei^t  of  contraction  of  muscles, 
568 

Tripier,  see  Arloing. 

Trotter,  C,  on  molar  movements,  755  i 


Tschiriew,  rhythm  of  heart,  550 
Turner,  obs.  on  placenta,  33 ;  lobulet 

and  connective  tissue    of    camel'i 

liver,  354 

U. 

Urbain,  dissociation  of  bicarbonate  of 
soda,  556 

Urea,  4ecomposition  in  blood,  555; 
ferment  ol^  566 

Urine,  fermentation  of  ^to.,  566 :  alba- 
men  in,  566 ;  other  products  in,  666 

Urobilin,  567 

V. 

YaguB,  relation  to  aooelerans,  557; 
physiology  of,  557;  differenoe  of 
action  on  two  sides,  557 ;  section  of, 
558 

Vanadium,  action  on  frog*s  heart,  235; 
poisonous  activity,  251 

Yaso-motor  nerves,  of  skin,  187 ;  eoum 
of,  190;  influenced  by  operations  on 
nervous  system,  545;  of  striated 
muscles,  720 

Velden,  sulphates  in  urine,  566 

Vessels,  inliibitory  nerves  of,  187; 
stream  in  muscles,  360 

Vignal,  biliary  secretion  of  dog,  61, 
625 

Vines,  S.  H.,  digestive  ferment  of  Ne- 
penthes, 124 

Vintschgau  and  Dietl,  glycogen  and 
potash,  563 

Volkmann,  theory  of  intereoetal  mus- 
cles, 558 

W. 

Watson,  Dr  M.,  case  of  double  aoriie 

arch;  229 
Weiske,  hippuric  acid  in  bodies   of 

herbivora,  566 
Weiss,  pancreatic  digestion,  563 
Windeschmidt,  action  of  butyl-chloral 

on  rabbits,  570 
Wittich  von,  physiology  of  kidney,  205 
Wolfsohn,  effect  of  salicylic  aoid  on 

metamorphosis  of  tissues,  567 
Wolkenstein,    effect  of   irritation  of 

skin  on  kidneys,  565 
Wundt  von  W.,  Mechanik  der  Nenen 

und  Nerven-Centren,  548 

Y. 

Yule,  J.  F.,  physiology  of  dehiscence 
of  fruits  of  Momordica  elateriam, 
848 

2Z. 

Zeller,  action  of  atropin,  575 
Zweifel,  respiration  of  foetus,  558 
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